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(57) Three longitudinal-ccupling-resonator-type in- 
terdigital transducers (IDTs) (1 -3) having a balanced-to- 
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zoelectric substrate (8) in a direction in which a surface 
acoustic wave (SAW) propagates. Weighting is applied 
to at least one (2/3) of the IDTs. For example, among 
the electrode fingers of the IDT (2) located on the left 
side, an apodization-welghted electrode finger (22a) is 
provided for one of the electrode fingers positioned ad- 
jacent to the central IDT (1). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave (SAW) apparatus for use in, for example, 
a filter having an unbalanced-to-balanced conversion 
function, and also to a communications unit using the 
SAW above-described apparatus. 

2. Descriptbn of the Related Art 

[0002] There has been significant technological 
progress in decreasing the size and weight of commu- 
nications units, such as cellular telephones. As the fre- 
quency used In cellular telephones is increased, smaller 
SAW apparatuses are used for filters in such communi- 
cations units. Additionally, multi-functional components 
are being developed for reducing the size and the 
number of the individual components of communica- 
tions units. 

[0003] In view of the above background, research is 
being actively conducted on SAW filters provided with a 
balanced-to-unbalanced conversion function, i.e., a so- 
called "balun function", used in the RF stage of cellular 
telephones. Such SAW filters are being used mostly in 
Global System for Mobile communications (GSM) cel- 
lular telephones. Patent applications concerning SAW 
filters provided with a balanced-to-unbalanced conver- 
sion function have been filed. 

[0004] As a SAW filter having a balanced-to-unbal- 
anced conversion function whose input impedance and 
output impedance are substantially the same, the con- 
figuration shown In Fig. 67 is known. 
[0005] In the SAW filter apparatus shown In Fig. 67, 
a comb-like electrode (which is also referred to as an 
interdigital transducer and hereinafter referred to as an 
"IDT") 1 01 is disposed on a plezoelectrk: substrate 1 00. 
IDTs 102 and 103 are respectively fomned on the left 
and right sides of the IDT 101 (in a SAW propagating 
direction). With this configuration, a three-IDT-type lon- 
gitudinal-coupling-resonator-type SAW apparatus hav- 
ing a balanced-to-unbalanced conversion function is 
provided. 

[0006] In the above-described SAW apparatus, re- 
flectors 1 04 and 1 05 are disposed such that they sand- 
wich the IDTs 102, 101 and 103 therebetween. Temrii- 
nals 106 and 107 are provided as balanced signal ter- 
minals, and a tenminal 1 08 is provided as an unbalanced 
signal tenminal. 

[0007] Another type of SAW apparatus, which is pro- 
vided with a balanced-to-unbalanced conversion func- 
tion whose input impedance and output impedance dif- 
fer by, for example, four times, is disclosed in, for exam- 
ple, Japanese Unexannined Patent Application Publica- 
tion No. 10-117123. 



[0008] The SAW apparatus disclosed in the above 
publication includes, as shown In Fig. 68, a first SAW 
filter device 111 and a second SAW filter device 112 on 
a piezoelectric substrate. An output signal of the first 

5 SAWfilterdeviceHI is 180° outof phase with an output 
signal of the second SAW filter device 112. The piezo- 
electric substrate is not shown in Fig. 68. With this con- 
figuration, the above-described SAW filter apparatus 
exhibits not only a filtering function, but also a balanced- 

10 to-unbalanced conversion function. 

[0009] The first SAW filter device 111 is fomned by 
cascade-connecting two three-IDT-type longitudinal- 
coupiing-resonator-type SAW filters 118 and 124 which 
are symmetrical to each other with respect to the sym- 

15 metrical line along the SAW propagating direction. That 
is, the first SAW filter device 11 1 is f onned of two stages 
of filters. 

[0010] In the longitudinal-coupling-resonator-type 
SAW filter 118, IDTs 1 1 4 and 1 1 5 are disposed such that 

20 they sandwich a central IDT 113 from the left and right 
sides (along the SAW propagating direction), and reflec- 
tors 1 1 6 and 11 7 are disposed such that they sandwich 
the IDTs 11 4, 1 1 3, and 1 1 5. Similarly, in the longitudinal- 
coupling-resonator-type SAW filter 124, IDTs 120 and 

25 1 21 are disposed such that they sandwich a central IDT 
11 g from the left and right sides, and reflectors 122 and 
1 23 are disposed such that they sandwich the IDTs 1 20, 
119, and 121. 

[001 1 1 The second SAW filter device 1 1 2 is fomned by 
30 cascade-connecting a longitudinal<:oupling-resonator- 
type SAW filter 128, which is the same type as the lon- 
gitudinal-coupling-resonator-type SAW filter 124, and a 
longitudinal-coupling-resonator-type SAW filter 127. 
The longitudinal-coupling-resonator-type SAW filter 1 27 
35 is provided with a central IDT 133 whose phase is in- 
verted (i.e., about 1 80°) by inverting the direction of the 
central IDT 113 of the longitudinal-coupling-resonator- 
type SAW filter 118. 

[001 2] One temiinal 1 29 of the first SAW filter device 
40 111 and one tenninal 130 of the second SAW filter de- 
vice 112 are electrically connected in parallel to each 
other, and the other temn in als 131 and 132 are electri- 
cally connected in series to each other. The parallel-con- 
nected terminals 129 and 130 form an unbalanced ter- 
45 minal 108, while the series-connected terminals 131 
and 132 lorn balanced terminals 106 and 107. 
[0013] In the SAW apparatus having a balanced-to- 
unbalanced conversion function, the transmission char- 
acteristics within the pass band between the unbal- 
so anced temiinal 1 08 and each of the balanced terminals 
106 and 1 07 must have equal amplitude characteristics 
and 1 aO'-out-of-phase characteristics. The extent to 
which such amplitude characteristk^s and phase char- 
acteristics are achieved is evaluated in temns of 'the am- 
55 piitude balance level" and '*the phase balance level", re- 
spectively. 

[0014] The amplitude balance level and the phase 
balance level are defined as follows. When the above- 
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described SAW apparatus having a balanced-to-unbal- 
anced conversion function is considered as a three-port 
device, and when the unbalanced input tenninal is port 
1 and the balanced output tenninals are port 2 and port 
3, the amplitude balance level lAl and the phase balance 
level IBI are defined as follows: 

A = l20log(S21)l - I(20log(S31)l (1) 



B= IZS21-ZS31I (2) 

where S21 indicates the transfer factor fronn port 1 to 
port 2, and S31 indicates the transfer factor from port 1 
to port 3. Ideally, in the pass band of a SAW apparatus, 
the amplitude balance level is 0 dB, and the phase bal- 
ance level is 180 degrees. 

[0015] In the above-described SAW apparatus having 
balanced signal terminals, the balance levels between 
the balanced signal tenninals are reduced. One of the 
reasons for this is as follows. The distance (indicated by 
109 in Fig. 67) between the electrode finger connected 
to the balanced signal terminal 1 06 and the signal elec- 
trode finger of the IDT 1 02 is different from the distance 
(indicated by 110 in Fig. 67) between the electrode fin- 
ger connected to the balanced signal terminal 1 07 and 
the signal electrode finger of the IDT 103 by 0.5 times 
the wavelength, which is determined by the pitch of the 
electrode fingers. 

[001 6] Then, the total capacitance of the electrode fin- 
gers connected to the balanced signal terminal 106 be- 
comes different from that of the electrode fingers con- 
nected to the balanced signal terminal 1 07, and the con- 
version efficiency between an electrical signal and a 
SAW also becomes different between the balanced sig- 
nal temninals 106 and 1 07. As a result, the balance lev- 
els are reduced. 

[00171 Accordingly, the amplitude characteristics with 
respect to the frequency output from the balanced signal 
tenninal 106 shown in Fig. 67 were measured by 
grounding the balanced signal terminal 107 as shown 
in Fig. 70. The amplitude characteristics with respect to 
the frequency output from the balanced signal terminal 
107 shown in Fig. 67 were measured by grounding the 
balanced signal terminal 106 as shown in Fig. 71. The 
difference between the amplitude characteristics output 
from the balanced signal terminal 106 and those from 
the balanced signal terminal 107 is shown in Fig. 69. 
Fig. 69 shows that there is a large difference between 
the two amplitude characteristics, and this difference 
causes a reduction in the balance levels. 
[0018] In the SAW apparatus having cascade-con- 
nected filter devices shown in Fig. 68, the polarities of 
the facing electrode fingers of two adjacent IDTs are not 
symmetrical between the first SAW filter device 111 and 
the second SAW filter device 112. This is another reason 
for reducing the balance levels. 



[0019] More specifically, in the IDT 113, the portions 
located adjacent to the IDTs 114 and 115 (indicated by 
125 in Fig. 68), i.e., the adjacent outemnost electrode 
fingers between the IDTs 113 and 114. and the adjacent 

5 outennost electrode fingers between the IDTs 113 and 
115 are ground electrode fingers. However, concerning 
the IDT 133, the adjacent outemnost electrode fingers 
between the IDTs 1 33 and 1 34 (indicated by 1 26 in Fig. 
68) and between the IDTs 133 and 135 (also indicated 

10 by 126 in Fig. 68) are a signal electrode finger and a 
ground electrode finger. If the polarities of the outermost 
electrode fingers between the adjacent IDTs are differ- 
ent between the left and right sides, the frequency and 
the amplitude level of the resonance mode shown in 

15 Figs. 72A and 72B are changed by the conversion be- 
tween an electrical signal and a SAW. 
[0020] If a SAW apparatus having a balanced-to-un- 
balanced conversion function is fomned by two longitu- 
dinal-coupling-resonator-type SAW filter devices having 

20 different combinations of the outer electrode fingers of 
the adjacent IDTs, as in the SAW apparatus shown in 
Fig. 68: a change in the resonance mode reduces the 
balance levels between the balanced signal tenninals. 
[0021] A change in the resonance mode is also pro- 

25 duced in a SAW filter apparatus formed by a single lon- 
gitudinal-coupling-resonator-type SAW filter device, 
such as that shown in Fig. 73, thereby reducing the bal- 
ance levels between the balanced signal temninals. 

30 SUMMARY OF THE INVENTION 

[0022] Accordingly, it is an object of the present inven- 
tion to provide a SAW apparatus having a balanced-to- 
unbalanced conversion function which exhibits high bal- 

35 ance levels between balanced signal tenninals by off- 
setting a difference between the balanced signal termi- 
nals, and also to provide a communications unit using 
the above-described SAW apparatus. 
[0023] In order to achieve the above object, according 

40 to one aspect of the present invention , there is provided 
a SAW apparatus including: at least one SAW filter hav- 
ing at least two IDTs formed on a piezoelectric substrate 
in a SAW propagating direction; and an input signal ter- 
minal and an output signal terminal for the SAW filter. 

45 At least one of the input signal terminal and the output 
signal terminal is connected to a balanced signal termi- 
nal, and weighting Is applied to at least part of electrode 
fingers of the SAW filter. 

[0024] With this configuration, by applying weighting 
50 to at least part of the electrode fingers of the SAW filter, 
balance characteristics (at least one of the amplitude 
balance, the phase balance, and the transmission char- 
acteristics) between balanced signal terminals can be 
adjusted. Thus, the balance characteristics can be im- 
55 proved. 

[0025] In the aforementioned SAW apparatus, the 
above-described weighting may preferably be applied 
to at least part of the electrode fingers so as to improve 
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at least one of the amplitude balance level and the 
phase balance level between a pair of the balanced sig- 
nal tenninals. 

[0026] The weighting may be applied to a few elec- 
trode fingers counted from the outermost electrode fin- 
ger of at least one of the IDTs located adjacent to the 
other IDT. 

[0027] The weighting may be applied to a few elec- 
trode fingers in the vicinity of the outemnost electrode 
finger of at least one of the IDTs located adjacent to the 
other IDT 

[0028] The weighting may be applied to the electrode 
fingers located within one half a length in the SAW prop- 
agating direction from the outermost electrode finger of 
at least one of the IDTs located adjacent to the other IDT 
[0029] The weighting may be applied to the outermost 
electrode finger of at least one of the IDTs adjacent to 
the other IDT 

[0030] The electrode fingers located in a portion be- 
tween the adjacent IDTs may be a ground electrode fin- 
ger and a signal electrode finger, and the weighting may 
be applied to at least one of the ground electrode finger 
and the signal electrode finger. 

[0031 ] The weighting may be applied to a signal elec- 
trode finger of the SAW filter 

[0032] The weighting may be applied to at least part 
of the electrode fingers of the IDT connected to the bal- 
anced signal temninal of the SAW filter. 
[0033] The phase of at least one of the IDTs may be 
inverted with respect to the phase of the other IDT(s). 
and the weighting may be applied to at least part of the 
electrode fingers of the phase-inverted IDT 
[0034] The above-described weighting may be with- 
drawal weighting. 

[0035] A dummy electrode may preferably be provid- 
ed for a bus bar which faces a bus bar connected to the 
withdrawal-weighted electrode finger. 
[0036] The weighting may be applied to at least two 
continuous ground electrode fingers including the out- 
ermost electrode finger of at least one of the IDT con- 
nected to the input signal temninal and the IDT connect- 
ed to the output signal terminal, the ground electrode 
fingers being located such that it faces the other IDT. 
[0037] A ground connecting portion may be disposed 
for connecting the electrode fingers of the adjacent IDTs 
which are connected to ground via the dummy elec- 
trode. 

[0038] The above-described weighting may be apodi- 
zation weighting in which the interdigital length of at 
least part of the electrode fingers is differentiated from 
the interdigital length of the other electrode fingers. 
[0039] The above-described apodlzation weighting 
may preferably be applied substantially at the center of 
the interdigital length. 

[0040] The apodization weighting may further be ap- 
plied to the electrode finger adjacent to the apodization- 
welghted electrode finger, and a bending dummy elec- 
trode may be disposed such that it faces each of the two 



apodization-weighted electrode fingers. 
[0041] The apodization-weighted electrode finger 
may be the outermost electrode finger of one of the ad- 
jacent IDTs, and a dummy electrode may be provided 
5 for the other IDT such that the dummy electrode faces 
the apodization-weighted electrode finger. 
[0042] The dummy electrode may be grounded. 
[0043] The above-described weighting may be duty 
ratio weighting in which the duty ratio of at least part of 
10 the electrode fingers is differentiated from the duty ratio 
of the other electrode fingers. 

[0044] In the aforementioned SAW apparatus, the 
SAW filter may include at least three IDTs. and withdraw- 
al-weighting may be applied to at least one of the adja- 
15 cent IDTs, and the weighting applied to the IDT on one 
side of the SAW filter may be different from the weighting 
applied to the IDT on the other side of the SAW filter. 
[0045] in the aforementioned SAW apparatus, two 
SAW filters may be provided, and withdrawal-weighting 
20 may be applied to each of the SAW filters, and the 
weighting applied to one of the SAW filters may be dif- 
ferent from the weighting applied to the other SAW filter. 
[0046] The SAW filter may include at least three ad- 
jacent IDTs, in which apodization-weighting may be ap- 
25 ptied to a few electrode fingers other than the outermost 
electrode finger of at least one of the adjacent IDTs on 
one side of the SAW filter, and withdrawal-weighting 
may be applied to the outemnost electrode finger of at 
least one of the adjacent IDTs on the other side of the 
30 SAW filter. A dummy electrode connected to a bus bar 
which faces a bus bar connected to the withdrawal- 
weighted electrode finger is disposed in the withdrawal- 
weighted portion. 

[0047] The SAW filter may include at least three ad- 
35 jacent IDTs, in which duty-ratio-weighting may be ap- 
plied to the outemnost electrode finger of at least one of 
the adjacent IDTs on one side of the SAW filter so that 
the duty ratio of the outermost electrode finger is differ- 
entiated from the duty ratio of the other electrode fin- 
40 gers, and withdrawal-weighting may be applied to the 
outennost electrode finger of at least one of the adjacent 
IDTs on the other side of the SAW filter. A dummy elec- 
trode connected to a bus bar which faces a bus bar con- 
nected to the withdrawal-weighted electrode finger is 
43 disposed In the withdrawal-weighted portion. 

[0048] In the aforementioned SAW apparatus, two 
SAW filters may be provided, in which apodization- 
weighting may be applied to a few electrode fingers oth- 
er than the outemnost electrode finger of at least one of 
so the adjacent IDTs of one of the SAW filters, and with- 
drawal-weighting may be applied to the outemnost elec- 
trode finger of at least one of the adjacent IDTs of the 
other SAW filter. A dummy electrode connected to a bus 
bar which faces a bus bar connected to the withdrawal- 
55 weighted electrode finger is disposed in the withdrawal- 
weighted portion. 

[0049] The SAW filter may be provided such that it 
possesses a balanced-signal-input and balanced-sig- 
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nal-output filtering function. 

[0050] The SAW filter may be provided such that it 
possesses a balanced-signal-input and unbalanced- 
signal-output filtering function or an unbalanced-signal- 
input and balanced-signal-output filtering function. 
[0051] At least one of the IDTs may be divided into 
two portions In the direction of the interdigital length of 
the IDT 

[0052] A pair of the balanced signal temriinals may be 
connected to comb-like electrodes of one of the IDTs. 
[0053] At least one of the IDTs may be divided Into 
two portions in the direction in which the SAW propa- 
gates. 

[0054] A grounded electrical neutral point does not 
have to be provided between a pair of the balanced sig- 
nal terminals. 

[0055] in the aforementioned SAW apparatus, two 
SAW filters may be provided such that they possess a 
balanced-signal-tnput and balanced-signal output filter- 
ing function. 

[0056] The two SAW filters may be provided such that 
an output signal of one of the SAW filters Is about 180' 
out of phase with an output signal of the other SAW filter, 
and the SAW filters may be provided such that they pos- 
sess a balanced-signal-input and unbalanced-signal- 
output filtering function or an unbalanced-signal-input 
and balanced-signal-output filtering function. 
[0057] A SAW filter may be cascade-connected to the 
unbalanced signal terminal. 

[0058] The SAW filter may be a longitudinal-coupling- 
resonator-type SAW filter. 

[0059] The above-described longitudinal-coupllng- 
resonator-type SAW filter may include an odd number 
of IDTs. 

[0060] The longitudinal-coupling-resonator-type 
SAW filter may Include three IDTs. 
[0061] Thetotal numberof electrode fingers of at least 
one of the IDTs of the longitudinal-coupling-resonator- 
type SAW filter may be an even number. 
[0062] In the aforementioned SAW apparatus, at least 
three IDTs may be provided, and the total number of the 
electrode fingers of at least the IDT connected to the 
balanced signal terminal may be an even number. 
[0063] In the aforementioned SAW apparatus, three 
IDTs may be provided, and the total number of the elec- 
trode fingers of at least the IDT located at the center of 
the IDTs may be an even number. 
[0064] At least one SAW resonator may be connected 
in series to or in parallel with the SAW filter. 
[0065] The SAW filter may be fomied by cascade- 
connecting at least two SAW filter portions. 
[0066] According to another aspect of the present in- 
vention, there is provided a SAW apparatus including: 
an input IDT having a plurality of electrode fingers; and 
an output IDT having a plurality of electrode fingers. The 
input IDT and the output IDT are disposed on a piezoe- 
lectric substrate in a SAW propagating direction so as 
to fomn a longrtudinal-coupling-resonator-type. Weight- 



ing is applied to an inner electrode finger other than the 
outennost electrode finger of at least one of the input 
IDT and the output IDT. 

[0067] One of the Input IDT and the output IDT may 

5 be connected to a balanced side, and the input IDT or 
the output IDT connected to the balanced side may pref- 
erably include the weighted electrode finger. The SAW 
apparatus may be provided with an unbalanced-to-bal- 
anced conversion function. 

10 [0068] With this configuration, by providing a weight- 
ed electrode finger for at least one of the input IDT and 
the output IDT, balance characteristics (amplitude bal- 
ance, phase balance, and transmission characteristics) 
between output signals, in particular, between balanced 

15 output signals, can be adjusted. As a result, the balance 
characteristics can be improved. 
[0069] In the aforementioned SAW apparatus, the 
weighted electrode finger may be located within one half 
a total width of all the electrode fingers of the corre- 

20 spending IDT from the outermost electrode finger of the 
IDT. 

[0070] At least two ground electrode fingers including 
the outermost electrode finger of at least one of the input 
IDT and the output IDT may preferably be sequentially 
25 provided, the outermost electrode finger being located 
such that it faces the other IDT. 

[0071] With this arrangement, for example, it can be 
easily and reliably set that the balanced output signals 
be about 180** out of phase with each other 

30 [0072] The weighted electrode finger may preferably 
be set such that It controls the area of a no-eiectric-f ield 
portion fonmed between adjacent ground electrode fin- 
gers of at least one of the input IDT and the output IDT. 
[0073] One of the input IDT and the output IDT may 

35 be connected to a balanced side, and the area of the 
no-electric-field portion of one of the two balanced IDTs 
may be substantially equal to the area of the non-elec- 
tric-field portion of the other balanced IDT. 
[0O74] With this arrangement, the conversion balance 

40 from SAW energy to electric energy between the IDTs, 
in particular, between the output IDTs, can be adjusted, 
thereby improving balance characteristics. 
[0075] A first grounded balance electrode finger may 
be fomried to extend toward the weighted electrode f in- 

45 ger so that the length of the first grounded balance elec- 
trode finger becomes equal to the length of the weighted 
electrode finger. 

[0076] With this arrangement, the first grounded bal- 
ance electrode finger can compensate for the no-elec- 

so trode-finger portion formed by the shorter weighted 
electrode finger to some extent. It is thus possible to pre- 
vent a reduction in the balance characteristics caused 
by the no-electrode-finger portion. 
[0077] A second grounded balance electrode finger 

55 nnay be fomned to extend in a direction different from the 
direction of the weighted electrode finger so that the 
length of the second grounded balance electrode finger 
becomes equal to the length of the weighted electrode 
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finger, and a bending dumnny electrode may be provided 
such that it faces the second grounded balance elec- 
trode finger and the weighted electrode finger. 
[0078] With this arrangement, by providing a dumnny 
electrode, the transmission characteristics can be im- 
proved while maintaining a high level of balance char- 
actenstics. 

[0079] According to a further aspect of the present in- 
vention, there is provided a communications unit using 
one of the above-described SAW apparatuses. By using 
the SAW apparatus exhibiting excellent transmission 
characteristics, the communications unit can also exhib- 
it a high level of transmission characteristics. 
[0080] Further features and advantages of the 
present invention will become apparent from reading the 
following description of preferred embodiments thereof, 
given by way of example, with reference to the accom- 
panying drawings, In which: 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0081] 

Fig. 1 is a schematic diagram illustrating a SAW ap- 
paratus according to a first embodiment of the 
present invention; 

Fig. 2 illustrates the basic configuration of a SAW 
apparatus of a first comparative example; 
Fig. 3 is a schematic diagram illustrating a SAW ap- 
paratus according to a modification made to the first 
embodiment of the present invention; 
Fig. 4 is a schematic diagram illustrating a weighted 
area of the SAW apparatus of the first embodiment; 
Fig. 5 is a graph illustrating the amplitude balance 
level (amplitude balance) of the SAW apparatus of 
the first embodiment; 

Fig. 6 is a graph illustrating the phase balance level 
(phase balance) of the SAW apparatus of the first 
embodiment; 

Fig. 7 is a graph illustrating the amplitude balance 
level (amplitude balance) of the SAW apparatus of 
the first comparative example; 
Fig. 8 is a graph illustrating the phase balance level 
(phase balance) of the SAW apparatus of the first 
comparative example; 

Fig. 9 is a schematic diagram illustrating another 
modification made to the first embodiment; 
Fig. 10 is a schematic diagram illustrating still an- 
other modification made to the first embodiment; 
Fig. 11 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 12 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 13 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 14 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 15 is a schematic diagram illustrating a further 



modification made to the first embodiment; 

Fig. 1 6 Is a schematic diagram illustrating a further 

modification made to the first embodiment; 

Fig. 17 is a schematic diagram illustrating a further 

5 modification made to the first embodiment; 

Fig. 1 8 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 1 9 is a schematic diagram illustrating a further 
modification made to the first embodiment; 

10 Fig. 20 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 21 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 22 is a schematic diagram Illustrating a further 

15 modification made to the first embodiment; 

Fig. 23 is a schematic diagram illustrating a further 
modification made to the first embodiment; 
Fig. 24 is schematic diagram illustrating a SAW ap- 
paratus according to a second embodiment of the 

20 present invention; 

Fig. 25 is a graph illustrating the amplitude balance 
level (amplitude balance) of the SAW apparatus of 
the second embodiment; 

Fig. 26 is a graph illustrating the phase balance iev- 
25 el (phase balance) of the SAW apparatus of the sec- 
ond embodiment; 

Fig. 27 is a graph illustrating transmission charac- 
teristics of the SAW apparatus of the first embodi- 
ment; 

30 Fig. 28 is a graph illustrating transmission charac- 
teristics of the SAW apparatus of the second em- 
bodiment; 

Fig. 29 is a schematic diagram illustrating a SAW 
apparatus according to a third embodiment of the 

35 present invention; 

Fig. 30 is a graph illustrating the amplitude balance 
level (amplitude balance) of the third embodiment 
and that of a second comparative example; 
Fig. 31 is a graph illustrating the phase balance lev- 

40 el (phase balance) of the third embodiment and that 
of the second comparative example; 
Fig. 32 is a schematic diagram illustrating a SAW 
apparatus of the second comparative example; 
Fig. 33 is a schematic diagram illustrating a SAW 

45 apparatus according to a fourth embodiment of the 
present invention; 

Fig. 34 is a graph illustrating the amplitude balance 
level (amplitude balance) of the SAW apparatus of 
the fourth embodiment and that of the third compar- 
50 ative example; 

Fig. 35 is a schematic diagram illustrating the re- 
duced balance levels in the third comparative ex- 
ample; 

Fig. 36 is a schematic diagram illustrating the im- 
55 proved balance levels in the fourth embodiment; 

Fig. 37 is a schematic diagram illustrating a modifi- 
cation made to the fourth embodiment; 
Fig. 38 is a schematic diagram illustrating the im- 
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proved balance levels in the modification shown in 
Fig. 37; 

Fig. 39 is a schematic diagram illustrating another 
modification made to the fourth embodiment; 
Fig. 40 Is a schematic diagram illustrating the im- 5 
proved balance levels in the modification shown in 
Fig. 39; 

Fig. 41 is a schematic diagram illustrating still an- 
other modification made to the fourth embodiment; 
Fig. 42 is a schematic diagram illustrating a SAW io 
apparatus according to a fifth embodiment of the 
present invention; 

Fig. 43 is a graph illustrating the amplitude balance 
level (amplitude balance) of the fifth embodiment 
and that of a fourth comparative example; *5 
Fig. 44 is a schematic diagram illustrating a SAW 
apparatus of the fourth comparative example; 
Fig. 45 is a schematic diagram illustrating the re- 
duced balance levels in the fourth comparative ex- 
ample; 

Fig. 46 is a schematic diagram Illustrating the im- 
proved balance levels in the fifth embodiment; 
Fig. 47 is a schematic diagram illustrating a SAW 
apparatus according to a sixth embodiment of the 
present invention; 

Fig. 48 is an enlarged diagram illustrating the SAW 
apparatus shown in Fig. 47; 
Fig. 49 is a graph Illustrating the amplitude balance 
level (amplitude balance) of the sixth embodiment 
and that of a fifth comparative example; 30 
Fig. 60 is a schematic diagram illustrating a SAW 
apparatus of the fifth comparative example; 
Fig. 51 is a graph illustrating a change in the ampli- 
tude balance level (amplitude balance) by varying 
the interdigital length in the SAW apparatus of the 35 
sixth embodiment; 

Fig. 52 is a schematic diagram Illustrating a SAW 
apparatus of a modification made to the sixth em- 
bodiment; 

Fig. 53 is a schematic diagram illustrating a SAW 40 
apparatus of another modification made to the sixth 
embodiment; 

Fig. 54 is a schematic diagram illustrating a SAW 
apparatus of still another modification made to the 
sixth embodiment; 

Fig, 55 is a schematic diagram illustrating a SAW 
apparatus according to a seventh embodiment of 
the present invention; 

Fig. 56 Is a graph illustrating the amplitude balance 
level (amplitude balance) of the seventh embodi- so 
ment and that of the second comparative example; 
Fig. 57 is a graph Illustrating the phase balance lev- 
el (phase balance) of the seventh embodiment and 
that of the second comparative example; 
Fig. 58 is a schematic diagram illustrating a modifi- 55 
cation made to the seventh embodiment; 
Fig. 59 is a schematic diagram illustrating another 
modification made to the seventh embodiment; 



Fig. 60 Is a graph illustrating the amplitude balance 
level (amplitude balance) of the modification shown 
in Fig. 59 and that of the second comparative ex- 
ample; 

Fig. 61 Is a graph illustrating the phase balance lev- 
el (phase balance) of the modification shown In Fig. 
59 and that of the second comparative example; 
Fig. 62 is a schematic diagram illustrating a SAW 
apparatus according to an eighth embodiment of 
the present invention; 

Fig. 63 is a graph illustrating the amplitude balance 
level (amplitude balance) of the eighth embodiment 
and that of the second comparative example; 
Fig. 64 Is a graph illustrating the phase balance lev- 
el (phase balance) of the eighth embodiment and 
that of the second comparative example; 
Fig. 65 is a schematic diagram Illustrating a SAW 
apparatus according to a ninth embodiment of the 
present invention; 

Fig. 66 is a schematic block diagram illustrating a 
communications unit according to the present in- 
vention; 

Fig. 67 is a schematic diagram illustrating the SAW 
apparatus of the first conventional example; 
Fig. 68 is a schematic diagram illustrating the SAW 
apparatus of the second conventional example; 
Fig. 69 is a graph illustrating a difference in insertion 
loss between balanced signal terminals of a known 
SAW apparatus; 

Figs. 70 and 71 are schematic diagrams of config- 
urations used for illustrating a difference in insertion 
loss between the balanced signal temninals of the 
known SAW apparatus; 

Figs. 72A and 72B illustrate resonance modes in a 
SAW apparatus: 

Fig. 72A is a graph illustrating the frequency of 
the resonance modes; and 
Fig. 72B Illustrates the current distribution of 
the resonance modes; and 

[0082] Fig. 73 is a schematic diagram illustrating a 
SAW apparatus fomned of a single longitudinal-cou- 
pling-resonator-type SAW filter device having a change 
In resonance mode. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0083] The present invention is described in detail be- 
low with reference to Figs. 1 to 66 through illustration of 
preferred embodiments. 

First Embodiment 

[0084] Fig. 1 1llustrates a SAW apparatus constructed 
in accordance with a first embodiment of the present in- 
vention. The SAW apparatus shown in Fig. 1 has an un- 



7 



BNSDOCID: <EP, 



.1249934A2J_> 



13 



EP 1 249 934 A2 



14 



balanced-to-balanced conversion function and a filter- 
ing function, and includes an input IDT 1 , output IDTs 2 
and 3 disposed on the left and right sides of the input 
IDT 1 (along a SAW propagating direction), and reflec- 
tors 4 disposed outside the output IDTs 2 and 3 on a 
piezoelectric substrate 8. The input side and the output 
side are interchangeable. 

[0085] More specifically, the output IDTs 2 and 3 are 
disposed such that they sandwich the input IDT 1 ther- 
ebetween. The reflectors 4 are disposed such that they 
sandwich the IDTs 2, 1. and 3 therebetween, thereby 
reflecting a propagating SAW. The piezoelectric sub- 
strate 8 is f onmed of, for example, a 40±5*» Y-cut X-prop- 
agating LiTaOa substrate. 

[0086] The IDTs 1 , 2, and 3 each have a strip-shaped 
base portion (bus bar) and two electrode portions pro- 
vided with a plurality of strip-shaped electrode fingers. 
The electrode fingers extend orthogonally from one side 
of the base portion such that they are parallel to each 
other with uniform gaps. The electrode fingers also in- 
terdigitate with each other such that the sides thereof 
face each other. 

[0087] In the above-configured IDTs 1 , 2, and 3, the 
signal conversion characteristics and the pass band can 
be determined by setting the length and the width of 
each electrode finger, the pitch between adjacent elec- 
trode fingers, and the length by which the interdigitated 
electrode fingers face each other (hereinafter referred 
to as the "interdigital length"). In the first ennbodiment, 
the number of electrode fingers of the IDT 1 is set to 39, 
and the number of electrode fingers of each IDT 2 or 3 
is set to 23. 

[0088] The electrode fingers, the bus bars, and the re- 
flectors 4 are fomned of, for example, an aluminum (Al) 
electrode (foil), fomied on the piezoelectric substrate 8 
by, for example, a photolithographic technique. 
[0089] In the first embodiment, in order to input an un- 
balanced signal and to output balanced signals, in the 
input IDT 1 signal electrode fingers 1 1 connected to an 
unbalanced input tenninal 5 and ground electrode fin- 
gers 12 are interdigitated with each other as described 
above. 

[0090] In the above-described IDT 1 , the ground elec- 
trode fingers 12 are set so that the outenmost electrode 
fingers, which are located at both ends in a SAW prop- 
agating direction, of the IDT 1 are ground electrode fin- 
gers 1 2. The oulemnost electrode fingers are positioned 
to face one of the outennost electrode fingers of the IDT 
2 and one of the outenmost electrode fingers of the IDT 
3. 

[0091] In the IDT 2, signal electrode fingers 22 con- 
nected to a balanced output tenninal 6 and ground elec- 
trode fingers 21 are interdigitated with each other as de- 
scribed above. A bus bar 23 connected to the ground 
electrode fingers 21 Is substantially aligned to a bus bar 
13 connected to the signal electrode fingers 11 of the 
input IDT 1 . The outemriost electrode fingers of the IDT 
2. which are positioned at both ends in a SAW propa- 



gating direction, are the ground electrodes 21 . 
[0092] In the IDT 3, signal electrode fingers 32 con- 
nected to a balanced output tenninal 7 and ground elec- 
trode fingers 31 are interdigitated with each other as de- 
5 scribed above, A bus bar 33 connected to the ground 
electrode fingers 31 is substantially aligned to the bus 
bar 13 connected to the signal electrode fingers 11 of 
the input IDT 1 . 

[0093] A bus bar 14 connected to the ground elec- 
10 trode fingers 12 of the IDT 1 is substantially aligned to 
a bus bar 24 of the signal electrode fingers 22 of the IDT 
2 and to a bus bar 34 of the signal electrode fingers 32 
of the IDT 3. 

[0094] In the first embodiment, the basic configuration 
15 of the output IDTs 2 and 3 is that they are structurally 
Inverted with respect to each other. More specifically, in 
the IDT 2, the ground electrode fingers 21 and the signal 
electrodes 22 are alternately arranged, such as a 
ground electrode finger, a signal electrode finger, a 
20 ground electrode finger, and so on, starting from the 
electrode finger adjacent to the IDT 1 . In contrast, in the 
IDT 3, before taking into account the withdrawal-weight- 
ing discussed below, the signal electrode fingers 32 and 
the ground electrode 31 fingers are alternately ar- 
25 ranged, such as a signal electrode finger, a ground elec- 
trode finger, a signal electrode finger, and so on, starting 
from the electrode finger adjacent to the IDT 1 . 
[0095] With this arrangement, the amplitude differ- 
ence between the IDTs 2 and 3 becomes approximately 
30 0, and the phase difference therebetween becomes ap- 
proximately 180^ Accordingly, the SAW apparatus is 
able to exhibit a balanced-to-unbalanced conversion 
function. 

[0096] In the first embodiment, withdrawal weighting 
35 is applied to the outennost electrode finger of the IDT 3 
adjacent to the IDT 1 . A ground dummy electrode 31a 
is formed at the position in which the outennost elec- 
trode finger is withdrawal-weighted. In this specification 
withdrawal weighting means that an electrode finger is 
40 withdrawn, and another electrode finger is replaced. Ac- 
cordingly, two ground electrodes, i.e., the dummy elec- 
trode 31a and a ground electrode finger 31b, are se- 
quentially disposed in the IDT 3 adjacent to the IDT 1 . 
[0097] Additionally, in the first embodiment, an apodi- 
45 zatlon-weighted electrode finger 22a is disposed at the 
position in which the signal electrode finger 22 next to 
the ground electrode finger 21 (outenmost electrode fin- 
ger) adjacent to the input IDT 1 is located. In this spec- 
ification, apodization weighting means that the interdig- 
ital length of an electrode finger is changed. The length 
of the apodization-weighted electrode finger 22a is 
about one half the length of the other signal electrode 
fingers 22. That is. the interdigital length is adjusted. 
[0098] A strip-shaped dummy electrode, which is an 
offset electrode finger, (first balance electrode finger) 
21 a extending from the grounded bus bar 23 is fonned 
to fill in a space generated by the apodization-weighted 
electrode finger 22a. The dummy electrode 21a is ex- 
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tended toward the forward end of the apodization- 
welghted electrode finger 22a such that it is parallel to 
the adjacent ground electrode fingers 21 with unifonm 
gaps. 

[0099] The operation and the advantages of the first 
embodiment are as follows. For comparison, the sche- 
matic configuration of IDTs, which are not withdrawal- 
weighted or apodization-weighted, of a SAW apparatus 
having a balanced-to-unbalanced conversion function is 
shown in Fig. 2 as a first comparative example. In the 
configuration of the first comparative example, ground 
electrode fingers are disposed between the IDT 1 and 
an IDT 40, while a signal electrode finger and a ground 
electrode finger are disposed between the IDT 1 and an 
IDT 41 . Accordingly, a no-electric-field portion 9 in which 
the conversion between an electrical signal and a SAW 
is not perf omned is disposed between the IDT 1 and the 
IDT 40. In contrast, the conversion between an electrical 
signal and a SAW is performed between the IDTs 1 and 
41 . Thus, the frequency and the amplitude level of a sig- 
nal output from the balanced signal terminal 6 is different 
from those of a signal output from the balanced signal 
terminal 7. Additionally, the signals output from the bal- 
anced signal terminals 6 and 7 are not completely 180^ 
out of phase with each other. As a result, the balance 
levels between the balanced signal terminals 6 and 7 
are reduced. 

[0100] In the first embodiment, the signal electrode 
finger of the IDT3 (in a comparable position to IDT 41) 
adjacent to the ground electrode of the IDT 1 is with- 
drawal-weighted, as shown in Fig. 3, and the dummy 
electrode 31 a Is f omned at the position in which the sig- 
nal electrode finger is withdrawal-weighted. That is, the 
two ground electrode fingers are disposed in the IDT 3 
adjacent to the IDT 1, Accordingly, a difference of the 
conversion efficiency between an electrical signal and 
a SAW between the IDTs 1 and 3 and the IDTs 1 and 40 
is offset. It is thus possible to provide a SAW apparatus 
having improved balance levels between the balanced 
signal terminals 6 and 7. 

[0101] The provision of the dummy electrode 31 a also 
prevents an increase in the loss caused by converting 
a SAW into a bulk wave. It is thus possible to provide a 
SAW apparatus exhibiting a low insertion loss within the 
pass band. The dummy electrode 31 a does not have to 
be grounded, and may be a floating electrode. In this 
case, however, the balance levels between the bal- 
anced signal tenninals 6 and 7 are reduced. Thus, the 
electrode 31a is preferably grounded. 
[0102] In the configuration shown In Fig. 3, however, 
the no-electric-field portion 9 formed in the IDTs 1 and 
3 is larger than that fomned in the IDTs 1 and 40. Ac- 
cordingly, the best balance levels between the balanced 
signal terminal 6 and 7 cannot be obtained. Thus, the 
apodization-weighted electrode finger 22a is set, as 
shown In Fig. 4, at the position in which the signal elec- 
trode finger 22 adjacent to the outermost electrode fin- 
ger 21 is located, and the dummy electrode 21a is also 



provided. Accordingly, the size of the no-electric-field 
portion 9 in a boundary area X1 between the IDTs 1 and 
2 becomes substantially equal to that in a boundary area 
X2 between the IDTs 1 and 3. It is thus possible to pro- 

5 vide a SAW apparatus having further improved balance 
levels between the balanced signal temninals 6 and 7. 
[0103] The provision of the dummy electrode 21 a also 
prevents an increase in the loss caused by converting 
a SAW into a bulk wave. It is thus possible to provide a 

10 SAW apparatus having a low insertion loss within the 
pass band. 

[0104] The grounded dummy electrodes 21 a and 31a 
fonn the no-electric-field portions 9 with the adjacent 
ground electrode fingers 21 and 31b, respectively. Ac- 
15 cordingly, the size of the no-electric-field portion 9 (an 
area in which the capacitance is formed) can be control- 
led by providing the dummy electrodes 21a and 31a, 
which is discussed in detail below. 
[0105] Concerning the above-described apodization 
20 weighting, since a smaller weight is required for the sig- 
nal electrode fingers, the no-electric-field portion 9 can 
be adjusted more efficiently by weighting the signal elec- 
trode fingers. However, apodization weighting may be 
applied to the ground electrodes. 
25 [0106] Although in the first embodiment a weight is 
applied to the outennost electrode finger of the IDT 3, 
and a weight is applied to the electrode finger adjacent 
to the outemnost electrode finger of the IDT 2, a weight 
may be applied to any electrode finger. However, in the 
30 resonance mode in the highest frequency range of the 
pass band (resonance mode indicated by C in Figs. 72A 
and 72B), which is most vulnerable to a difference in 
polarity between electrode fingers of adjacent IDTs, the 
cun-ent is most sharply changed at the electrode fingers 
35 between the adjacent IDTs, as shown in Fig. 72B. Thus, 
it is more effective, as shown in Fig. 4, if a weight is ap- 
plied within a range of 1/2 of the SAW propagation length 
"a" in the IDT 2 from the outenmost electrode finger ad- 
jacent to the IDT 1 . 
40 [0107] In the first embodiment, apodization weighting 
is perfomned by disposing the apodization-weighted 
electrode finger 22a, whose length is about one half the 
signal electrode finger 22. However, the amount apodi- 
zation weighting may be adjusted as required. For ex- 
45 ample, the signal electrode finger 22 close to the IDT 1 
may be apodization-weighted by about one fourth, and 
the subsequent signal electrode finger 22 may be apo- 
dization-weighted by about one fourth. In this case, ad- 
vantages similar to those obtained by the first embodi- 
so ment can be achieved. 

[0108] The amplitude balance level and the phase 
balance level between the balanced signal temninals 6 
and 7, with respect to the frequency, obtained by the first 
embodiment are shown in Figs. 5 and 6, respectively. 
55 For comparison, the amplitude balance level and the 
phase balance level between the balanced signal termi- 
nals 6 and 7, with respect to the frequency, in the first 
comparative example shown in Fig. 2 are shown In Figs. 



9 



BNSOOCID: <EP 1249934A2J_> 



17 



EP 1 249 934 A2 



18 



7 and 8, respectively. The frequency range of the pass 
band for Extended Global Systenn for Mobile Communi- 
cations (EGSM) transmission filters is 880 MHz to 915 
MHz. 

[01091 The amplitude balance level between the bal- 
anced signal tenninals 6 and 7 with respect to the 
above-mentioned frequency range ranges from -1 .6 dB 
to +1 .5 dB (having a deviation of 3. 1 dB) forthe first com- 
parative example, while the con-esponding amplitude 
balance level ranges from -0.7 dB to +1 .2 dB (having a 
deviation of 1 .9 dB) for the first embodiment. The level 
of the amplitude balance level is higher with a smaller 
deviation. Thus, in the first embodiment, the amplitude 
balance level is improved by about 1 .2 dB. The phase 
balance level between the balanced signal temninals 6 
and 7 for the first comparative example ranges from 
172** to 1 89** (having a deviation of 1 7**), while the cor- 
responding phase balance tor the first embodiment 
ranges from 1 78^ to 1 84^ (having a deviation of 6*»). The 
level of the phase balance level is higher with a smaller 
deviation. Thus, in the first embodiment, the phase bal- 
ance level is improved by about H'*. 
[01 1 0] As described, in the first embodiment, weight- 
ing is applied to the SAW apparatus exhibiting the bal- 
anced-to-unbalanced conversion function configured by 
using a single longitudinal-coupling-resonator-type 
SAW filter device. It is thus possible to provide a SAW 
apparatus having improved balance levels between the 
balanced signal terminals 6 and 7 over known SAW ap- 
paratuses. 

[0111] In the first embodiment, a single three-lDT- 
type longitudinal-coupling-resonator-type SAW filter de- 
vice is used. However, the present invention is not re- 
stricted to this configuration, and the SAW apparatus 
may be configured in any manner as long as it is pro- 
vided with the balanced signal temiinals 6 and 7. In this 
case, advantages similar to those obtained by the first 
embodiment can be achieved. 

[0112] For example, Fig. 9 illustrates a SAW appara- 
tus having a balanced-to-unbalanced conversion func- 
tion using a longitudinal-coupling-resonator-type SAW 
filter having five-lDTs (balanced signal temninals 401 
and 402, and an unbalanced signal temninal 403). As in 
this type of SAW apparatus, in a SAW apparatus using 
a longitudinal-coupling-resonator-type SAW filter hav- 
ing more than three-lDTs or having two IDTs, the advan- 
tages of the present invention can be offered. The type 
of filter used in the present invention is not limited to a 
longitudinal-coupling-resonator-type SAW filter, and a 
transveisal SAW filter or a length-coupling-resonator- 
mode SAW filter may be employed, in which case, ad- 
vantages similar to those obtained by the first embodi- 
ment can be achieved. 

[0113] In the first embodiment, the SAW apparatus is 
provided with a balanced-to-unbalanced conversion 
function. However, as in SAW apparatuses shown in 
Figs. 10 and 11 . a balanced signal may be input and a 
balanced signal may be output. More specifically, in Fig. 



10, balanced signal tenminals 501 and 502 fonm a pair, 
and balanced signal tenninals 503 and 504 fomi a pair. 
In Fig. 11 . balanced signal tenminals 601 and 602 form 
a pair, and balanced signal tenninals 603 and 604 fomi 
5 a pair. In this case, advantages similar to those obtained 
by the first embodiment can be achieved. 
[0114] In the first embodiment, the SAW apparatus 
having a balanced-to-unbalanced conversion function is 
configured by using a single longitudinal-coupling-reso- 
10 nator-type filter. However, the present invention Is not 
restricted to this type of configuration. 
[0115] For example, as shown In Fig. 12, balanced 
signal tenninals 701 and 702 may be connected to 
comb-like electrodes of a single IDT in a single longitu- 
15 dinal-coupling-resonator-type SAW filter. Thus, the con- 
figuration shown in Fig. 12 does not have an electrical 
neutral point. In Fig. 12, reference numeral 703 Indi- 
cates an unbalanced signal tenninal. As shown in Fig. 
13, one IDT is divided in the direction of the interdigital 
20 length so as to change the impedance. In Fig. 13, refer- 
ence numerals 801 and 802 indicate balanced signal 
terminals, and 803 indicates an unbalanced signal ter- 
minal. In Fig. 14, one IDT is divided in a SAW propagat- 
ing direction, and balanced signal tenninals 901 and 902 
25 are connected to the divided comb-like electrodes. In 
Fig. 14, reference numeral 903 designates an unbal- 
anced signal tenninal. For all these modifications, ad- 
vantages similar to those obtained by the first embodi- 
ment can be achieved. 
30 [0118] As shown in Fig. 15. an unbalanced signal ter- 
minal 1003 may be connected to inverted comb-like 
electrodes of IDTs on the left and right sides. It is thus 
possible to provide a SAW apparatus having an im- 
proved attenuation outside the pass band. In Fig. 15, 
35 reference numerals 1 001 and 1 002 designate balanced 
signal terminals. 

[0117] Additionally, a plurality of longitudinal-cou- 
pling-resonator-type SAW filters may be combined to 
form a SAW apparatus having a balanced-to-unbal- 
40 anced conversion function. In this case, advantages 
similar to those obtained by the first embodiment can be 
achieved. 

[0118] For example, as shown in Fig. 16, two longitu- 
dinal-coupling-resonator-type SAW filters 1104 and 
45 1 1 05 may be provided such that output signals from the 
SAW filters 1104 and 1105 are about 180'' out of phase 
with each other. IDTs connected to balanced signal ter- 
minals 1101 and 1102 may be connected in series to 
each other, and IDTs connected to an unbalanced signal 
50 terminal 1 1 03 may be connected in parallel to each oth- 
er. As shown in Fig. 17. a single longitudinal-coupling- 
resonator-type SAW filter 1201 may be cascade-con- 
nected to the configuration shown in Fig. 1 6. As shown 
in Fig. 18, weights may be applied to the configuration 
55 shown in Fig. 68. With these modifications, advantages 
similar to those obtained by the first embodiment can be 
achieved. 

[0119] In the configuration in which longitudlnal-cou- 
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pi in g -resonator-type SAW filters are cascade-connect- 
ed, not only the balance levels between balanced signal 
temninals can be Improved, but also, the attenuation out- 
side the pass band can be increased. In this case, as 
shown in Fig. 19, IDTs 1303 and 1304 may be inverted 5 
relative to each other so that electrical signals transmit- 
ting in signal lines 1301 and 1302 used for cascade-con- 
necting two longitudinal-coupling-resonator-type SAW 
filters are about 180°out of phase with each other. Sim- 
ilarly, IDTs 1307 and 1308 may be inverted relative to io 
each otherso that electrical signals transmitting in signal 
lines 1305 and 1306 are about 180" out of phase with 
each other. With this an-angement, a SAW apparatus 
having further improved balance levels between bal- 
anced signal tenninals can be obtained. 
[0120] Additionally, as shown in Fig. 20, a single lon- 
gltudinal-coupllng-resonator-type SAW filter 1401 may 
be cascade-connected to the SAW apparatus shown in 
Fig. 12, in which case, advantages similar to those ob- 
tained by the first embodiment can be achieved. With 
this configuration, a SAW apparatus having not only im- 
proved balance levels between balanced signal tenni- 
nals, but also an increased attenuation outside the pass 
band can be obtained. In this case, as shown in Fig. 21 , 
IDTs 1503 and 1504 are inverted relative to each other 25 
so that electrical signals transmitting in signal lines 1 501 
and 1502 are about 180** out of phase with each other, 
as in the configuration shown in Fig. 19. It is thus pos- 
sible to provide a SAW apparatus exhibiting further im- 
proved balance levels between balanced signal termi- 30 
nals. 

[0121] When cascade-connecting two or more longi- 
tudinal-coupling-resonator-type SAW fitters, the same 
type of longitudinal-coupling-resonator-type SAW filter 
does not have to be used. For example, for adjusting 35 
the input Impedance and the output impedance, the in- 
terdlgital length may be differentiated between SAW fil- 
ters. For increasing the attenuation outside the pass 
band, the number of pairs of electrode fingers of an IDT, 
the center-to-center distance between adjacent IDTs, or 40 
the center-to-center distance between an IDT and a re- 
flector may be differentiated between SAW filters. Ac- 
cordingly, different designs of SAW filters may be used. 
[0122] Although in the first embodiment the total 
number of electrode fingers of each IDT is set to an odd 
number, It may be an even number. In particular, as 
shown in Fig. 22, the total number of electrode fingers 
of the central IDT connected to balanced signal termi- 
nals may be an even number. With this modification, ad- 
vantages similar to those obtained by the first embodi- so 
ment can also be achieved. 

[0123] In this case, the horizontal symmetrical char- 
acteristics with respect to the center of the longitudinal- 
coupling-resonator-type SAW filter can be enhanced, 
and the number of electrode fingers connected to one 55 
balanced signal terminal is equal to that connected to 
the other balanced signal terminal. It is thus possible to 
provide a SAW apparatus having further improved bal- 



ance levels between balanced signal terminals. 
[0124] As shown in Fig. 23. SAW resonators 1 601 and 
1602 may be connected in series to each other. Alter- 
natively, SAW resonators may be connected in parallel 
to each other, though they are not shown. Alternatively, 
series-connected SAW resonators and parallel-con- 
nected SAW resonators may be connected to each oth- 
er. In this case, a SAW apparatus having not only im- 
proved balance levels between balanced signal termi- 
nals, but also an Increased attenuation in a range in the 
vicinity of the pass band, can be obtained. 

Second Embodiment 

[01 25] A second embodiment is described below with 
reference to Figs. 24 through 28. In the second embod- 
iment, components having functions similar to those of 
the SAW apparatus shown In Fig. 1 are Indicated by like 
reference numerals, and an explanation thereof is thus 
omitted. 

[0126] In a SAW apparatus constructed in accord- 
ance with the second embodiment of the present inven- 
tion, instead of perfonming withdrawal weighting or apo> 
dization weighting employed in thefirst embodiment, se- 
ries weighting is applied, as shown in Fig. 24. That is, 
an IDT 25 is substituted for the IDT 2 used in the first 
embodiment. 

[0127] In the IDT 25, instead of the dummy electrode 
finger 21a of the IDT 2, an apodization-weighted elec- 
trode finger 21 b, which is positioned subsequent to the 
apodization-weighted electrode finger 22a and is made 
shorter as in the apodization-weighted electrode finger 
22a, is provided. A dummy electrode finger (second bal- 
ance electrode finger) 25a is provided such that It is sep- 
arated from the apodization-weighted electrode fingers 
22a and 21 b (i.e., the dummy electrode finger 25a is 
floating). 

[0128] The dummy electrode finger 25a Is extended 
by the same length as the apodization-weighted elec- 
trode finger 22a between and substantially in parallel to 
the apodization-weighted electrode finger 22a and the 
subsequent signal electrode finger 22, passes between 
the forward end of the apodization-weighted electrode 
finger 22a and the fonward end of the apodization- 
weighted electrode fmger21 b, and is extended between 
and substantially in parallel to the apodization-weighted 
electrode finger 21b and the outermost ground elec- 
trode finger 21 . 

[0129] In a SAW apparatus having the IDT25, the am- 
plitude balance level and the phase balance level in a 
range in the vicinity of the pass band were measured. 
The results are shown in Figs. 25 and 26, respectively. 
Fig. 25 shows that the amplitude balance level between 
the balanced signal terminals In a frequency range of 
the pass band used for EGSM transmission filters rang- 
es from -0.7 dB to +1 .2 dB (having a deviation of 1 .9 
dB), which is the same result as the first embodiment. 
Fig. 26 reveals that the phase balance level between 
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the balanced signal terminals ranges from 1 1T* to 1 82** 
(having a deviation of 5°). Accordingly, the balance level 
is improved over the first embodiment by 1^. 
[0130] The transmission characteristics within the 
pass band with respect to the frequency obtained by the 
first embodiment are shown in Fig. 27, and the trans- 
mission characteristics within the pass band with re- 
spect to the frequency obtained by the second embod- 
iment are shown in Fig. 28. For comparing the two trans- 
mission characteristics, ripple A is generated (see Fig. 
27) within the pass band in the first embodiment, while 
ripple A is not generated (see Fig. 28) within the pass 
band in the second embodiment. Thus, in the second 
embodiment, the deviation is smaller within the pass 
band. 

[0131] As described above, by perfonning series 
weighting, which is a modification of apodization weight- 
ing, it is possible to provide a SAW apparatus having 
improved balance levels between the balanced signal 
terminals and a smaller deviation within the pass band. 
[0132] Additionally, in the second embodiment, the 
generation of ripples is inhibited in the transmission 
characteristics, and thus, the SAW apparatus of the sec- 
ond embodiment exhibits more excellent transmission 
characteristics. 

Third Embodiment 



[0133] A third embodiment is discussed in detail be- 
low with reference to Figs. 29 through 32. Fig. 29 illus- 
trates a SAW apparatus constructed in accordance with 
the third embodiment of the present invention. In the 
third embodiment, the present invention is discussed in 
the context of a PCS receiving filter 
[0134] In the SAW apparatus of the third embodiment, 
on a piezoelectric substrate 200, a three-lDT-type lon- 
gitudinal-coupling-resonator-type SAW filter 201, and 
SAW resonators 202 and 203, which are connected in 
series to the SAW filter 201 , are fomned of an Al elec- 
trode (foil) by, for example, a photolithographic tech- 
nique. The piezoelectric substrate 200 may be formed 
of a 40±5« Y-cut X-propagating LiTaOg substrate. The 
SAW filter 201 is substantially the same as that shown 
in Fig. 10. 

[0135] In the SAW filter 201 , IDTs 204 and 206 are 
disposed such that they sandwich a central IDT 205, 
which is connected to balanced signal lemninals 21 0 and 
211 , from the left and right sides (along a SAW propa- 
gating direction). Reflectors 207 and 208, which reflect 
SAWs from the IDTs 204, 205, and 206, are disposed 
outside the IDTs 204 and 206, respectively (along a 
SAW propagating direction). That is, the IDTs 204, 205, 
and 206 and the reflectors 207 and 208 are disposed 
on the SAW propagation path so that the lengths of the 
electrode fingers are perpendicular to the SAW propa- 
gating direction. 

[01 36] I n the SAW filter 201 , the pitch between some 
electrode fingers in a portion (indicated by 213 In Fig. 



29) between the adjacent IDTs 204 and 205, and the 
pitch between some electrode fingers in a portion (indi- 
cated by 21 4 in Fig. 29) between the adjacent IDTs 204 
and 206 are made nan-ower than the pitch between the 
5 other electrode fingers. 

[0137] In the above-described SAW apparatus, refer- 
ence numeral 209 designates an unbalanced signal ter- 
minal. Accordingly, the IDTs 204 and 206 are connected 
to the unbalanced signal terminal 209. The IDT 204 in- 
10 eludes signal electrode fingers 204a and ground elec- 
trode fingers 204b, and the IDT 206 includes signal elec- 
trode fingers 206a and ground electrode fingers 206b. 
The IDT 205 is connected to the balanced signal temni- 
nals 21 0 and 21 1 , and includes signal electrode fingers 
t5 205a and 205b. Thus, in the third embodiment, weight- 
ing is applied to the configuration of a SAW apparatus 
without an electrical neutral point. 
[0138] The SAW resonators 202 and 203 are connect- 
ed between and in series to the unbalanced signal ter- 
20 minal 209 and the IDTs 204 and 206 via a signal line 
212. The SAW resonator 202 includes an IDT 202a, and 
reflectors 202b and 202c disposed such that they sand- 
wich the IDT 202a along a SAW propagating direction. 
The SAW resonator 203 includes an IDT 203a, and re- 
25 f lectors 203b and 203c disposed such that they sand- 
wich the IDT 203a along a SAW propagating direction. 
[0139] The features of the third embodiment are as 
follows. Withdrawal weighting is applied to an electrode 
finger 219 of the IDT 206 adjacent to the IDT 205. Ad- 
30 ditionally the signal electrode finger 206a of the IDT 206 
most adjacent to the IDT 205 is withdrawal-weighted. 
[0140] In the third embodiment, in order to maintain a 
spacing between the IDTs 205 and 206, the interdigital 
length , the pitch , the duty ratio, and the width of the elec- 
35 trode finger 21 9 are set to be the same as those of the 
narrower-pitch ground electrode fingers 206b. With this 
arrangement, in the IDT 206, a plurality of (for example, 
two) ground electrode fingers 206b are sequentially dis- 
posed at the portion adjacent to the IDT 205. 
40 [01 41 ] When the wavelength determined by the nar- 
rower pitch of the electrode fingers is indicated by 
(indicated by 213 and 214 in Fig. 29), and when the 
wavelength detenmined by the pitch of the other elec- 
trode fingers is indicated by Xl^ , detailed design param- 
45 eters of the SAW filter 201 are as follows (the number 
In parentheses indicates the number of nan-ower-pitch 
electrode fingers): 



50 



55 



interdigital length W: 60.6 Xl^; 

number of pairs of electrode fingers of IDT 204: 29 

(4); 

number of pairs of electrode fingers of IDT 205: (4) 
44(4); 

number of pairs of electrode fingers of IDT 206: (4) 
29; 

IDT wavelength X,l^: 2.06 ^m; 
IDT wavelength W^. 1.88 |im; 
reflector wavelength XR: 2.07 fim; 
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number of electrode fingers of reflector: 100; 
IDT pitch: 0.50 Xlgl 

pitch between wider pitch electrode finger (Xl^) and 
narrower-pitch electrode finger (Xlg) (indicated by 
215. 216, 217. and 218): 0.25 Xl^ + 0.25 Xlgi 
pitch between IDT and reflector: 0.47 XR; 
duty ratio (for IDT and reflectors): 0.60; and 
electrode thickness: 0.080 Xl^. 

[0142] Detailed design configuration of the SAW res- 
onator 202 is shown as follows: 

interdigital length W: 40.6 X; 
number of pairs of electrode fingers of IDT: 241 ; 
wavelength X (for IDT and reflectors): 1 .97 fim; 
number of electrode fingers of reflectors: 30 
center-to-center distance between IDT and reflec- 
tor: 0.50 X; 

duty ratio (for IDT and reflectors): 0.60; and 
electrode thickness: 0.084 X. 

[0143] Detailed design parameters of the SAW reso- 
nator 203 are as follows: 

interdigital length W: 49.1 X; 
number of pairs of electrode fingers of IDT: 401 ; 
wavelength X (for IDT and reflectors): 2.04 \im\ 
number of electrode fingers reflectors: 30; 
center-to-center distance between IDT and reflec- 
tor: 0.50 X; 

duty ratio (for IDT and reflectors): 0.60; and 
electrode thickness: 0.080 X. 

[0144] The characteristics of the third embodiment 
were measured, and the results are shown in Figs. 30 
and 31 . More specifically, the amplitude balance level 
between the balanced signal temninals with respect to 
the frequency obtained by the third embodiment is 
shown in Fig. 30, and the phase balance level obtained 
by the third embodiment are shown in Fig. 31 . 
[0145] For comparison, the amplitude balance level 
and the phase balance level of a SAW filter having an 
IDT 206c, as shown in Fig. 32, instead of the IDT 206 
are shown Figs, 30 and 31 as a second comparative 
example. In the IDT 206c. withdrawal weighting is not 
perfomned at the portion between two adjacent IDTs. 
[01 46] The configuration of the SAW apparatus of the 
second comparative example is the same as that of the 
third embodiment, except that the IDT 206c, which is not 
withdrawal-weighted, is used instead of the IDT 206. 
The frequency range of the pass band used for PCS re- 
ceiving filters is 1930 MHz to 1990 MHz. 
[0147] In this range, the maximum amplitude balance 
level of the second comparative example ranges from 
-1 .6 dB to +0.7 dB (having a deviation off 2.3 dB). In con- 
trast, the maximum amplitude balance level of the third 
embodiment ranges from -1 .5 dB to +0.7 dB (having a 
deviation of 2.2 dB). Accordingly, the amplitude balance 



level is improved by about 0.1 dB. The phase balance 
level of the second comparative example ranges from 
162* to 1 82** (having a deviation of 20**), while the phase 
balance level of the third embodiment ranges from 1 62** 

5 to 181*^ (having a deviation of 19**). Accordingly, the 
phase balance level is improved by about 1**. 
[0148] Thus, the balance levels of the third embodi- 
ment are improved over the second comparative exam- 
ple. The reason for this is as follows. In the second com- 

10 parative example, the polarities between the IDTs 206 
and 205 are the same (positive), i.e., signal electrode 
fingers are disposed between the IDTs 206 and 205. 
However, by applying withdrawal weighting in the third 
embodiment, the polarities between the IDTs 206 and 

15 205 become negative and positive, as in the polarities 
between the IDTs 204 and 205. Thus, symmetrical char- 
acteristics of the SAW filter are improved In the third em- 
bodiment. 

[0149] As described above, in the third embodiment, 
20 the electrode fingers disposed at the portion between 
two adjacent IDTs are withdrawal-weighted. It is thus 
possible to obtain a SAW filter having improved balance 
levels between balanced signal terminals over known 
SAW filters. 

25 

Fourth Embodiment 

[0150] A fourth embodiment of the present invention 
is described in detail below with reference to Figs. 33 
30 through 41. In the fourth embodiment, the present in- 
vention is discussed in the context of an EGSM receiv- 
ing filter. 

[0151] A SAW apparatus constructed in accordance 
with the fourth embodiment shown in Fig. 33 includes 
35 two longitudinal-coupling-resonator-type SAW filters 
1918 and 1920, whose output signals are about 180** 
out of phase with each other. One tenninal of the SAW 
filter 1918 and one terminal of the SAW filter 1920 are 
connected in parallel to each other so as to form an un- 
40 balanced signal terminal 1 905, and the other terminals 
of the SAW filters 191 8 and 1 920 are connected in series 
to each other so as to fomn balanced signal terminals 
1906 and 1907. With this arrangement, the SAW appa- 
ratus is provided with a balanced-to-unbalanced con- 
45 version function. Additionally, an extra longitudinal-cou- 
pling-resonator-type SAW fitter 1918 is cascade-con- 
nected to each of the SAW filters 1918 and 1920, re- 
spectively. Withdrawal weighting is applied to the SAW 
filter 1 920 by providing a dummy electrode 1 901 b. 
50 [0152] In the fourth embodiment, the four longitudinal- 
coupling-resonator-type SAW filters 1918 and 1920 are 
formed by Al electrodes on a piezoelectric substrate 8. 
The four SAW filters 1918 and 1920 are designed sim- 
ilarly, except that the output signals from the SAW filters 
55 1918 and the output signal from the SAW filter 1 920 are 
about 1 80** out of phase with each other, and that the 
SAW filter 1920 is withdrawal-weighted. As in the third 
embodiment, a few narrower-pitch electrode fingers are 
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provided between two adjacent IDTs. The configuration 
of the fourth ennbodiment is basically sinnilar to that of 
the second comparative example shown in Fig. 68, ex- 
cept for weighting. 

[0153] When the wavelength detemnined by the nar- 
rower pitch of the electrode fingers is indicated by Xls, 
and when the wavelength detemnined by the pitch of the 
other electrode fingers is indicated by X\^, detailed de- 
sign parameters of the SAW filter 1918 are as follows 
(the number in parentheses indicates the number of nar- 
rower-pitch electrode fingers): 

interdigital length W: 25.2 X\^\ 
number of pairs of electrode fingers of IDT 1 902: 23 
(4); 

number of pairs of electrode fingers of IDT 1 901 : (4) 
26(4); 

number of pairs of electrode fingers of IDT 1 903: 23 

(4); 

IDT wavelength X\^ : 4.204 p.m; 
IDT wavelength X\2. 3.854 jxm; 
reflector wavelength XH: 4.279 ^m; 
number of electrode fingers of reflector: 90; 
IDT pitch: 

pitch between wider-pitch electrode finger (X\^) 
and narrower-pitch electrode finger (A.I2) (in the 
same way as indicated by 215. 216, 217, and 
218 in Fig.29): 0.25 X\^ + O 25XI2; 
pitch between narrower-pitch electrode fingers 
(XI2): 0.50 XI2 

pitch between IDT and reflector: 0.470 XR; 
IDT duty ratio: 0.720 
reflector duty ratio: 0.55; and 
electrode thickness: 0.080 X\^, 

[0154] The feature of the fourth embodiment is that 
the dummy electrode 1901b is provided. More specifi- 
cally, in order to invert the phase of an output signal from 
the SAW filter 1 920 from that of the SAW filter 1918, the 
direction of an IDT 1901a of the SAW filter 1920 is in- 
verted with respect to the IDT 1901 of the SAW filter 
1918. One side of the IDT 1901a is withdrawal-weight- 
ed, and the dummy electrode 1901b is then provided in 
the weighted portion and is grounded. 
[0155] The amplitude balance level between bal- 
anced signal temninals 1906 and 1907 with respect to 
the frequency obtained by the fourth embodiment is 
shown in Fig. 34. For comparison, the amplitude bal- 
ance level between the balanced signal tenminals with 
respect to the frequency in the third comparative exam- 
ple shown in Fig. 68 is also shown in Fig. 34. The con- 
figuration of the third comparative example Is the same 
as that of the fourth embodiment, except that withdraw- 
al-weighting is not applied to the second comparative 
example. The frequency range in the pass band used 
for EGSM receiving filters is 925 MHz to 960 MHz. 



[0156] The amplitude balance level between the bal- 
anced signal temiinals in the third comparative example 
ranges from -0.2 dB to +1 .3 dB (having a deviation of 
1.5 dB). In contrast, the amplitude balance level ob- 
5 tained by the fourth embodiment ranges from -0.7 dB to 
4-0.2 dB (having a deviation of 0.9 dB). Accordingly, the 
amplitude balance level is improved by about 0.6 dB. 
[0157] The reason for this is as follows. A SAW is ex- 
cited between adjacent electrode fingers having differ- 
to ent polarities. The excitation state of SAWs in the por- 
tions between adjacent IDTs of the SAW filters 118 and 
127 (indicated by 125 and 126 in Fig. 68) shown in Fig. 
68 is shown in Fig. 35. 

[0158] In Fig. 35, only three electrode fingers of each 
15 IDT adjacent to another IDT are shown, and other elec- 
trode fingers are omitted. The SAW filters 118 and 127 
shown in Fig. 68 correspond to longitudinal-coupling- 
resonator-type SAW filters 2007 and 2008, respectively, 
shown in Fig, 35. The IDTs 113, 114. and 115 shown in 
20 Fig. 68 con-espond to IDTs 2001 , 2002. and 2003, re- 
spectively, shown in Fig. 35. The IDTs 133, 134, and 135 
shown in Fig. 68 correspond to IDTs 2004, 2006, and 
2006, respectively, shown in Fig. 35. In Fig. 35, a SAW 
is excited in portions indicated by the circle, and a SAW 
25 is not excited in portions indicated by the cross (x). 
[01 59] In the third comparative example, in the longi- 
tudinal-coupling-resonator-type SAW filter 2007, since 
the outennost electrode fingers of the IDTs 2001 , 2002, 
and 2003 are ground electrodes, a SAW is not excited 
30 between adjacent outenmost electrode fingers. 

[0160] In contrast, in the longitudinal-coupling-reso- 
nator-type SAW filter 2008, since an output signal of the 
IDT 2004 is about 1 80** out of phase with that of the IDT 
2001 by inverting the direction of the IDT 2001 , the out- 
35 ermost electrode fingers of the IDT 2004 are signal elec- 
trode fingers, and the outennost electrode fingers of the 
IDTs 2005 and 2006 are ground electrodes. 
[0161] Accordingly, unlike the SAW filter 2007, in the 
SAW filter 2008, a SAW is excited between adjacent 
40 electrode fingers of the IDTs 2004, 2005, and 2006, and 
thus, there are two more portions in which a SAW is ex- 
cited in the SAW filter 2008 than those of the SAW filter 
2007. 

[0162] In the third comparative example, therefore, 
45 the intensity distribution of the effective current of a SAW 
between adjacent electrode fingers becomes different 
between the SAW filters 2007 and 2008. As a result, in 
the three resonance modes shown in Fig. 72A, the pe- 
riod between the central resonance mode B and the 
50 highest-frequency resonance mode C becomes differ- 
ent between the SAW filters 2007 and 2008, thereby re- 
ducing the balance level between the balanced signal 
terminals. 

[0163] Rg. 36 illustrates the SAW excitation state in 
55 the portions between adjacent IDTs (indicated by elliptic 
shapes in Fig. 33) in the SAW filters 1918 and 1920 
shown in Fig. 33. As in Fig. 35. in Fig. 36, only three 
electrode fingers from the edge of each IDT adjacent to 
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another iDT are shown, and the other electrode fingers 
are omitted. 

[0164] The SAW filters 191 8 and 1 920 shown in Fig. 
33 correspond to SAW filters 2107 and 2108, respec- 
tively. The IDTs 1902, 1901 . and 1 903 of the SAW filter 
1918 shown in Fig. 33 con-espond to IDTs 2102, 2101, 
and 2103, respectively, shown in Fig. 36. The IDTs 
1901a, 1902, and 1903 shown in Fig. 33 correspond to 
IDTs 2104, 2105, and 2106, respectively, shown in Fig. 
36. 

[0165] In the fourth embodiment, by inverting the di- 
rection the IDT of the SAW filter 21 08 connected to the 
input side from that of the SAW filter 2107 connected to 
the input side, an output signal from the SAW filter 21 07 
is about 1 80'' out of phase with that from the SAW filter 
21 08. The outemnost electrode finger of the IDT 21 04 is 
withdrawal-weighted, and a dummy electrode finger 
2109 (the dummy electrode 1901b in Fig. 33) is then 
disposed in the weighted portion and is grounded. 
[0166] Accordingly, in the SAW filter 21 08, signal elec- 
trode fingers and ground electrode fingers are alternate- 
ly disposed inaportion2110 between the IDTs 21 04 and 
2105, and thus, a SAW is excited. In contrast, three 
ground electrode fingers are sequentially disposed in a 
portion 2111 between two adjacent IDTs 21 04 and 21 06, 
and thus, a SAW is not excited in two portions. 
[0167] As a result, the total number of portions in 
which a SAW is not excited in the SAW filter 21 07 is the 
same as that in the SAW filter 21 08. In other words, the 
total number of portions in which a SAW is excited in the 
SAW filter 21 07 is equal to that in the SAW filter 21 08. 
Thus, the period of appearance of the resonance modes 
is smaller than that of the third comparative example, 
thereby improving the amplitude balance level between 
the balanced signal temninals. 

[0168] As an example of a modification of the fourth 

embodiment, a SAW apparatus shown in Fig. 37 in- 
cludes a first longitudinal-coupling-resonator-type SAW 
filter unit 2202 and a second longitudinal-coupling-res- 
onator-type SAW filter unit 2204. The first SAW fitter unit 
2202 is formed by cascade-connecting two longitudlnal- 
coupHng-resonator-type SAW filters 2201 . The second 
SAW filter unit 2202 is fomied by cascade-connecting 
the longitudinal-coupling-resonator-type SAW filter 
2201 and a longitudinal-coupling-resonator-type SAW 
filter 2201a. The direction of an IDT 2203 of the SAW 
filter 2201 a is inverted with respect to that of the corre- 
sponding IDT of the SAW filter 2201 . Accordingly, an 
output signal from the SAW filter unit 2202 is about 1 80° 
out of phase with an output signal from the SAW fitter 
unit 2204. The central IDTs of the first stage of SAW fil- 
ters 2201 are connected in parallel to each other to form 
an unbalanced signal terminal 2205. The central IDTs 
of the second stage of the SAW filters 2201 and 2201 a 
are connected in series to each other so as to fonn bal- 
anced signal terminals 2206. 

[0169] As in the fourth embodiment, with this modifi- 
cation, the outenmost electrode finger of the IDT 2203 



is withdrawal-weighted, and a dummy electrode 2207 is 
then provided in the weighted portion and is grounded. 
The SAW excitation state in the portion between two ad- 
jacent IDTs (indicated by the elliptical shapes in Fig. 37) 

5 in the first and second SAW filter units 2202 and 2204 
connected to the balanced signal terminals 2206 is 
shown in Fig. 38. The total number of portions between 
electrode fingers in which a SAW is not excited in the 
SAW filter unit 2202 is equal to that in the SAW filter unit 

10 2204. Thus, the amplitude balance level between the 
balanced signal tenminals 2206 can be improved. 
[0170] As shown in Fig. 39, instead of inverting the 
central IDT of the second stage of the SAW filter, the 
direction of the external IDTs may be inverted, and thus, 

15 an output signal from a first SAW filter unit 2303 is about 
180'' out of phase with an output signal from a second 
SAW filter unit 2304. 

[0171] As In the fourth embodiment, with this modifi- 
cation, the outermost electrode finger of an inverted IDT 

20 2301 is withdrawal-weighted, and a dummy electrode 
2302 is then provided in the weighted portion and is 
grounded. In this case, the SAW excitation state of the 
portions between two adjacent IDTs (indicated by the 
elliptical shapes in Fig. 39) in the SAW filter connected 

25 to the balanced signal terminals is shown in Fig. 40. As 
shown in Fig. 40, the total number of portions between 
electrode fingers in which a SAW is not excited in the 
first SAW filter unit 2303 is equal to that in the second 
SAW fitter unit 2304. As a result, the amplitude balance 

30 level between the balanced signal temninals can be im- 
proved. 

[01 72] Instead of the three-IDT-type longitudinal-cou- 
pling-resonator-type filters shown in Fig. 33, five-IDT- 
type iongitudinal-coupling-resonator-type filters may be 
35 used, as shown in Fig. 41 . In this case, one of the out- 
emnost electrode finger of an inverted IDT 2401 is with- 
drawal-weighted, and a dummy electrode finger 2402 is 
then disposed in the weighted portion and is grounded. 
Thus, the total number of portions between electrode 
40 fingers in which a SAW is not excited in a first SAW filter 
unit 2403 is the same as that In a second SAW filter unit 
2404. Thus, the amplitude balance level between the 
balanced signal temninals can be improved. 
[01 73] As described above, according to the SAW ap- 
45 paratus of the fourth embodiment, two SAW filters 
whose output signals are about 180'' out of phase with 
each other, and one signal terminal of one SAW filter 
and one signal temninal of the other SAW filter are con- 
nected in series to each other to fonn balanced signal 
50 temninals. while the other signal terminals of the two 
SAW filters are connected in parallel to each other to 
form an unbalanced signal terminal. With this arrange- 
ment, the SAW apparatus is provided with a baianced- 
to-unbalanced conversion function. Moreover, an addl- 
es tional SAW filter is cascade-connected to each of the 
two SAW filters, and then, withdrawal-weighting is ap- 
plied to the cascade-connected SAW filter. As a result, 
it is possible to obtain a SAW apparatus having im- 
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proved balance levels between balanced signal termi- 
nals over known SAW apparatuses. 

Fifth Embodiment 

[0174] A fitth embodiment of the present invention is 
discussed below with reference to Figs, 42 through 46. 
In the fifth embodiment, the present invention is de- 
scribed in the context of a Digital Cellular System (DCS) 
receiving filter. 

[0175] A SAW apparatus constmcted in accordance 
with the fifth embodiment of the present invention is 
shown in Fig. 42. Two longitudinal-coupling-resonator- 
type SAW filters whose output signals are about ISC' 
out of phase with each other are provided. One temninal 
of one SAW filter and one tenninal of the other SAW filter 
are connected in series to each other so as to form bal- 
anced signal terminals, while the other terminals of the 
SAW filters are connected in parallel to each other so 
as to form an unbalanced signal terminal. Accordingly, 
the SAW apparatus is provided with a balanced-to-un- 
balanced conversion function. Weighting is applied to 
this configuration. 

[0176] In the fifth embodiment, longitudinal-coupling- 
resonator-type SAW filters 2501 and 2508 and SAW 
resonators 2502 and 2503 are fomned by Al electrodes 
on the above-described piezoelectric substrate 8. The 
SAW resonators 2502 and 2503 are connected In series 
to each of the SAW filters 2501 and 2508. The two SAW 
f ilters 2501 and 2508 are designed similarly, except that 
an output signal from the SAW filter 2501 is about 1 80° 
out of phase with that from the SAW filter 2508. As in 
the third embodiment, in the fifth embodiment, a few nar- 
rower-pitch electrode fingers are provided between two 
IDTs. 

[0177] When the wavelength detemnined by the nar- 
rower pitch of the electrode fingers is indicated by XI2. 
and when the wavelength detemiined by the pitch of the 
other electrode fingers is indicated by detailed de- 
sign parameters of the SAW filters 2501 and 2508 are 
as follows (the number in parentheses indicates the 
number of nanrower-pltch electrode fingers): 

Interdigital length W: 37.12 Xl^; 
number of pairs of electrode fingers of IDT 2504: (4) 

19; 

number of pairs of electrode fingers of IDT 2505: (4) 
31(4); 

number of pairs of electrode fingers of IDT 2506: 1 9 
(4); 

IDT wavelength Xl^: 2.156 jam; 
IDT wavelength Xlg: 1 926 ^im; 
reflector wavelength A.R: 2.177 jim; 
number of electrode fingers of reflector: 150; 
IDT pitch: 

pitch between wider-pitch electrode finger (X1 1) 
and narrower-pitch electrode finger (Xlg): 0.25 



X.I1 + 0.25 X\2\ 

pitch between narrower-pitch electrode fingers 
(XI2): 0.50 XI2; 

5 pitch between IDT and reflector: 0.50 XR; 
IDT duty ratio: 0.63; 
reflector duty ratio: 0.60; and 
electrode thickness: 0.09 Xlv 

10 [0178] Detailed design parameters of the SAW reso- 
nator 2502 are as follows: 

interdigital length W: 14.3 XI; 
number of pairs of electrode fingers of IDT: 241 ; 
15 wavelength X (for IDT and reflectors): 2.1 02 ^m; 
number of electrode fingers of reflectors: 30; and 
pitch between IDT and reflector: 0.50 XR. 



[0179] Detailed design parameters of the SAW reso- 
20 nator 2503 are as follows: 

interdigital length W: 37.1 XI; 
number of pairs of electrode fingers of IDT: 241 ; 
wavelength X (for IDT and reflectors): 2.023 ^.m; 
25 number of electrode fingers of reflector: 30; and 
pitch between IDT and reflector: 0.50 XR. 

[0180] The features of the fifth embodiment are as fol- 
lows. In order to invert the phase of an output signal from 
30 the SAW filter 2508 with respect to that from the SAW 
filter 2501 . the direction of an IDT 2509 of the SAW filter 
2508 is inverted, and one of the outermost signal elec- 
trode fingers of the IDT 2509 is withdrawal-weighted, 
and a dummy electrode 2510 is then provided m the 
35 weighted portion and is grounded. Additionally, the three 
IDTs are grounded via the dummy electrode 2510. 
[0181] Fig. 43 illustrates the amplitude balance level 
between the balanced signal terminals with respect to 
the frequency obtained by the fifth embodiment. For 
40 comparison, the amplitude balance level between bal- 
anced signal tenninals in a fourth comparative example 
shown in Fig. 44 is also shown in Fig. 43. The configu- 
ration of the fourth comparative example shown in Fig. 
44 is the same as that of the fifth embodiment, except 
45 that withdrawal-weighting Is not applied to the fourth 
comparative example. 

[01 82] The frequency range of the pass band used for 
DCS receiving filters is 1 805 MHz to 1 880 MHz. The am- 
plitude balance level between the balanced signal ter- 
50 minals in this range in the fourth comparative example 
ranges from -1 .0 dB to +3.2 dB (having a deviation of 
4.2 dB), while the corresponding amplitude balance lev- 
el obtained by the fifth embodiment ranges from -0.5 dB 
to +1 .5 dB (having a deviation of 2.0 dB). Thus, the am- 
55 plitude balance level is improved by about 2.2 dB. 

[0183] The reason for this is as follows. The number 
of portions between adjacent IDTs in which a SAW is 
excited (indicated by the elliptical shapes in Fig. 44) in 
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the fourth comparative example shown in Fig. 44 is dif- 
ferent between a first SAW filter 2601 and a second 
SAW filter 2602, as shown in Fig. 45. In contrast, as 
shown in Fig. 46, the number of portions between adja- 
cent IDTs in which a SAW is excited (indicated by the 5 
elliptical shapes in Fig. 42) is the same between first and 
second longitudinal-coupling-resonator-type SAW filter 
unit 251 1 and 251 2. Thus, In the three resonance modes 
shown in Fig. 72A, the periods between the central res- 
onance mode B and the highest-frequency resonance 
mode C between the signals output from the two bal- 
anced signal terminals becomes closer than the third 
comparative example. 

[0184] As described above, in the fifth embodiment, 
the SAW apparatus includes two longitudinal-coupling- ^5 
resonator-type SAW filters whose output signals are 
about 1 80** out of phase with each other. One signal ter- 
minal of one SAW filter and one signal terminal of the 
other SAW filter are connected in series to each other 
to fomri balanced signal terminals, and the other signal 
temriinals of the two SAW filters are connected in parallel 
to each other to form an unbalanced signal terminal. 
With this configuration, the SAW apparatus is provided 
with a balanced-to-unbalanced conversion function. 
Withdrawal-weighting is applied to this configuration. It 
is thus possible to obtain a SAW apparatus having Im- 
proved balanced levels between the balanced signal 
terminals over known SAW apparatuses. 
[0185] The three IDTs including the dummy electrode 
251 0 are grounded, thereby strengthening a grounding 
force of the SAW apparatus. Accordingly, the insertion 
loss within the pass band can be decreased, and the 
attenuation outside the pass band can be improved. The 
ground temninat of the central IDT may be omitted. Sixth 
Embodiment 35 
[01 86] A sixth embodiment of the present invention is 
described below with reference to Figs. 47 through 54. 
In the sixth embodiment, the present invention is dis- 
cussed in the context of a DCS receiving filter. 
[01 87] As in the third embodiment, in the sixth embod- 40 
iment, balanced signal tenninals 2711 and 2712 are 
connected to comb-like electrodes of an IDT 2704 of a 
single longitudinal-coupllng-resonator-type SAW filter 
2701. Weighting is then applied to the configuration of 
a SAW apparatus without an electrical neutral point. 
[0188] In the sixth embodiment, the longitudrnal-cou- 
pling-resonator-type SAW filter 2701 , and SAW resona- 
tors 2702 and 2703, which are connected in series to 
the SAW filter 2701 , are fomned by Al electrodes on the 
above-described piezoelectric substrate 8. 
[0189] The configuration of the SAW filter 2701 is as 
follows. IDTs 2705 and 2706 are disposed on the left 
and right sides of the IDT 2704, and reflectors 2707 and 
2708 are disposed such that they sandwich the IDTs 
2705, 2704, and 2706 therebetween. 55 
[0190] As in the third embodiment, in the sixth embod- 
iment, a few narrower-pitch electrode fingers are dis- 
posed in portions between two adjacent IDTs (indicated 



by 2709 and 2710 in Fig. 47). Reference numeral 2713 
designates an unbalanced signal terminal. An enlarged 
view of the portion between the IDTs 2704 and 2705 is 
shown in Fig. 48. 

[0191] An outer electrode finger 2704a of the IDT 
2704 connected to the balanced signal terminal 2711 is 
apodization-weighted, a dummy electrode 2705a is then 
provided in the weighted portion and is grounded. 
[0192] When the wavelength determined by the nar- 
rower pitch of the electrode fingers is indicated by Xlg, 
and when the wavelength detennined by the pitch of the 
other electrode fingers is indicated by A.t^, detailed de- 
sign parameters of the SAW filter 2701 are as follows 
(the number in parentheses indicates the number of nar- 
rower-pitch electrode fingers): 

interdigital length: 

no-apodization-weighted portion (indicated by 

2805 in Fig. 48): 71.2X1^; 
apodization-weighted portion (indicated by 

2806 in Fig. 48:35.6 Xl^; 

number of pairs of electrode fingers of IDT 2705: 21 
(4); 

number of pairs of electrode fingers of IDT 2704: (4) 
35(4); 

number of pairs of electrode fingers of 1 DT 2706: (4) 

21; 

IDT wavelength 2.18 urn; 

IDT wavelength W^- 1 .96 jim; 

reflector wavelength XR: 2.18 jim; 

number of electrode fingers of reflector: 150; 

IDT pitch: 

pitch between wider-pitch electrode finger (AJ^) 
and 

narrower-pitch electrode finger (>.l2) (indicated 
by 2714 in Fig. 47): 0.25 Xl^ -t- 0.25 Xlgi 
pitch between narrower-pitch electrode fingers 
(Xlg) (indicated by 2715 in Figs. 47 and 48): 
0.50 XI2; 

pitch between IDT and reflector: 0.460 XR; 
IDT duty ratio: 

wider-pitch portion: 0.63; 
narrower-pitch portion: 0.60; 

reflector duty ratio: 0.57; and 
electrode thickness:. 0.09 Xl^. 

[0193] Detailed design parameters of the SAW reso- 
nator 2702 are as follows: 

interdigital length W: 23.6 XI; 

number of pairs of electrode fingers of IDT: 241; 

wavelength (for IDT and reflectors): 2.12 jim; 
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number of electrode fingers of reflectors: 30; and 
pitch between IDT and reflector: 0.50 X.R. 

[01 94] Detailed design parameters of the SAW reso- 
nator 2703 are as follows: 

interdigital length W: 58,5 XI; 
number of pairs of electrode fingers of IDT: 241 ; 
wavelength (for IDT and reflectors): 2.04 ^im; 
number of electrode fingers of reflector: 30; and 
pitch between IDT and reflector: 0.50 XR. 



[0195] The features of the sixth embodiment are as 
follows. Apodization weighting is applied to the outer- 
most electrode fingers of the central IDT 2704 which is 
adjacent to the ground electrode fingers and which is 
connected to the balanced signal terminal 2711 so as to 
form the apodization-weighted electrode fingers 2704a. 
The dummy electrode 2705a and a dummy electrode 
2706a are then disposed in the apodization-weighted 
portions, and are grounded. 

[0196] The operations and advantages of the sixth 
embodiment are as follows. The amplitude balance level 
between the balanced signal terminals 2711 and 2712 
with respect to the frequency obtained by the sixth em- 
bodiment is shown in Fig. 49. For comparison, the am- 
plitude balance level between balanced signal terminals 
with respect to the frequency in a fifth comparative ex- 
ample shown in Fig. 50 is also shown in Fig. 49. The 
configuration of the fifth comparative example is the 
same as that of the sixth embodiment, except in the con- 
figuration of a longitudinal-coupling-resonator-type 
SAW filter 2701a, and more specifically, apodization 
weighting is not applied to outemriost electrode fingers 
of a central IDT The frequency range of the pass band 
used for DCS receiving filters is 1 805 MHz to 1880 MHz. 
[01 97] The amplitude balance level in this range in the 
fifth comparative example ranges from -1 .3 dB to +3.3 
dB (having a deviation of 4.6 dB), while the con-espond- 
ing amplitude balance level obtained by the sixth em- 
bodiment ranges from -2.0 dB to +1 .9 dB (having a de- 
viation of 3.9 dB). Thus, the amplitude balance level is 
improved by about 0.7 dB. 

[0198] In the f ifth comparative example, the amplitude 
balance level is deviated considerably toward the posi- 
tive side, while the deviation of the sixth embodiment is 
almost equal between the positive side and the negative 
side. If the amplitude balance level is deviated almost 
equally between the positive side and the negative side, 
as in the sixth embodiment, the noise level of an in- 
phase signal advantageously becomes smaller Thus, 
the sixth embodiment exhibits excellent characteristics 
over the fifth comparative example in this respect. 
[0199] The above- described advantages can be 
achieved by the sixth embodiment due to the following 
reason. Apodization weighting is applied to the outer- 
most electrode fingers of the central IDT 2704, the dum- 
my electrodes 2705a and 2706a are then disposed in 



the weighted portions and are grounded. With this ar- 
rangement, the outemnost electrode fingers of the IDT 
2704 connected to the balanced signal terminals 2711 
and 271 2 are disposed adjacent to the ground electrode 
5 fingers, and thus, the polarities of the outermost elec- 
trode fingers between adjacent IDTs become equal in 
the left and right sides of the SAW apparatus. 
[0200] The apodization-weighting optimal value was 
checked, and the results are given below. In this check- 
10 ing in the configuration shown in Figs. 47 and 48, the 
ratio of the interdigital length 2806 to which apodization 
weighting is applied to the interdigital length 2805 to 
which apodization weighting is not applied (hereinafter 
this ratio is referred to as the "apodization-weightmg ra- 
ts tio") was varied, and the a change in the amplitude bal- 
ance level between the balanced signal temiinals within 
the pass band was examined. 

[0201] In this case, the apodization-weighting ratio in 
the configuration shown in Fig. 50 to which apodization 
20 weighting is not applied was set to be 1 , and the apodi- 
zation-weighting ratio in the configuration shown in Fig. 
47 was set to 1 /2. Then, the amplitude balance level be- 
tween the balanced signal temiinals was checked by 
varying the apodization-weighting ratio to 1/4, 1/2, and 
25 3/4. The results are shown in Fig. 51 . In Fig. 51 , the am- 
plitude balance level is shown only in the positive side. 
[0202] Fig. 51 reveals that the amplitude balance level 
within the pass band becomes minimum when the apo- 
dization-weighting ratio is about 0.5, i.e.. when apodiza- 
30 tion weighting is applied substantially at the center of 
the electrode finger. The reason for this is as follows. 
The outemiost electrode fingers of the central IDT are 
weighted substantially at the center of the interdigital 
length, and the weighted electrode fingers are ground- 
35 ed. Thus, the outemiost electrodefingers of the IDT con- 
nected to the balanced signal tenminals 2711 and 2712 
are located adjacent to the ground electrodes by half the 
interdigital length. Thus, the polarities of the electrode 
fingers between adjacent IDTs become equal between 
40 the left and right sides of the SAW apparatus . 

[0203] As described above, the configuration of the 
sixth embodiment is as follows. Balanced signal temni- 
nals are connected to comb-like electrodes of an IDT 
(preferably, the central IDT) of a single longitudinal-cou- 
45 piing-resonator-type SAW filter, and thus, this configu- 
ration does not have an electrical neutral point. In this 
configuration, apodization-weighting is applied to the 
outermost electrode fingers of the central IDT substan- 
tially at the center of the interdigital length, and dummy 
so electrodes are then disposed in the weighted portions 
and are grounded. As a result, a SAW apparatus having 
an improved amplitude balance level between balanced 
signal terminals over known SAW apparatuses can be 
obtained. 

55 [0204] In the sixth embodiment, the outemnost elec- 
trode fingers of the central IDT connected to the bal- 
anced signal terminals are adjacent to ground electrode 
fingers. Alternatively, as shown in Fig. 52. one outer- 
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most electrode finger of the central IDT may be connect- 
ed to a ground electrode finger, and the other outerniost 
electrode finger of the central IDT may be connected to 
a signal electrode finger. In this case, apodizatlon 
weighting is applied to only the signal electrode finger 
adjacent to the ground electrode finger, and a dummy 
electrode is then disposed in the weighted portion and 
is grounded via the IDT. With this modification, as in the 
sixth embodiment, a SAW apparatus having an im- 
proved amplitude balance level between balanced sig- 
nal terminals can be obtained. 

[0205] Altematively, as shown in Fig. 53, in the con- 
figuration in which balanced signal temninals 2711 and 
2712 are connected to two IDTs, apodizatlon weighting 
is applied to the outemnost electrode fingers of each IDT, 
and the weighted electrode fingers are grounded via the 
corresponding IDT and reflectors. With this modifica- 
tion, as in the sixth embodiment, the amplitude balance 
level between the balanced signal terminals 271 1 and 
2712 can be improved. 

[0206] Although in the sixth embodiment a three- IDT- 
type longitudinal-coupling-resonator-type SAW filter is 
used, a longitudinal-coupling-resonator-type SAW filter 
having four or more IDTs may be used. For example, in 
the configuration shown in Fig. 54, apodizatlon weight- 
ing is applied to the electrode fingers of IDTs connected 
to balanced signal terminals 271 1 and 271 2, and dummy 
electrodes are disposed and are rounded via the corre- 
sponding IDTs. With this modification, as In the sixth em- 
bodiment, the amplitude balance levels between the 
balanced signal terminals 2711 and 2712 can be inn- 
proved. Seventh Embodiment 

[0207] A seventh embodiment of the present inven- 
tion is described below with reference to Figs. 55 
through 61 . In the seventh embodiment, the present in- 
vention is discussed in the context of a PCS receiving 
filter. 

[0208] As in the third embodiment, in the seventh em- 
bodiment, balanced signal terminals 291 0 and 291 1 are 
connected to comb-like electrodes of an IDT 2905 of a 
single longitudinai-coupling-resonator-type SAW filter 
2901 . Weighting is then applied to the configuration of 
a SAW apparatus without an electrical neutral point. 
[0209] In the seventh embodiment, the longltudinal- 
coupiing-resonator-type SAW filter 2901 , and SAW res- 
onators 2902 and 2903, which are connected in series 
to the SAW filter 2901 , are fonned by Al electrodes on 
the above-described piezoelectric substrate 8. The con- 
figuration of the seventh embodiment is basically similar 
to that of the third embodiment shown in Fig. 29. 
[0210] The features of the seventh embodiment are 
as follows. The duty ratio of electrode fingers 291 9 and 

2920 Is set to 0.40. Additionally, a grounded shield tine 

2921 is inserted between a signal line 2912 and the bal- 
anced signal terminal 2910. By inserting a grounded 
shield line between adjacent signal electrode fingers, 
the bridge capacitance between the signal electrodes 
fingers can be reduced. Thus, a SAW apparatus having 



further improved balance levels can be obtained. 
[021 1 ] The operations and advantages of the seventh 
embodiment are as follows. Figs. 56 and 57 illustrate 
the amplitude balance level and the phase balance lev- 

5 el, respectively, between the balanced signal terminals 
2910 and 2911 obtained by the seventh embodiment. 
For comparison, the amplitude balance level and the 
phase balance level between the balanced signal termi- 
nals in the second comparative example shown in Fig. 

10 32 are also shown In Figs. 56 and 57, respectively. The 
configuration of the second comparative example 
shown in Fig. 32 is the same as that of the seventh em- 
bodiment, except that the duty ratio of the outemnost 
electrode fingers of the central IDT (corresponding to 

15 291 9 and 2920 in Fig. 55) are not changed. The frequen- 
cy range in the pass band used for PCS receiving filters 
is 1930 MHz to 1990 MHz. 

[0212] No substantial difference can be observed in 
the deviation in the phase balance level in this range 

20 between the seventh embodiment and the second com- 
parative example. However, the amplitude balance level 
in the second comparative example ranges from -0.5 dB 
to +2.3 dB (having a deviation of 2.8 dB), while the am- 
plitude balance level in the seventh embodiment ranges 

25 from -0.6 dB to +2.0 dB (having a deviation of 2.6 dB). 
Thus, the amplitude balance level is improved by about 
0.2 dB. 

[0213] Additionally, the amplitude balance level is de- 
viated considerably toward the positive side in the sec- 

30 ond comparative example, while a difference in the de- 
viation between the positive side and the negative side 
is smaller in the seventh embodiment. With a smaller 
difference in the deviation between the positive side and 
the negative side, as in the seventh embodiment, the 

35 noise level of an in-phase signal advantageously be- 
comes smaller. Thus, the seventh embodiment exhibits 
excellent characteristics over the second comparative 
example in this respect. 

[0214] The above-described advantages can be 

40 achieved by the seventh embodiment due to the follow- 
ing reason. The duty ratio of the electrode fingers 2919 
and 2920 of the IDT 2905 adjacent to IDTs 2904 and 
2906, respectively, Is set to be smaller than that of the 
other electrode fingers. Accordingly, a difference in the 

45 total capacitance of the electrode fingers connected to 
the balanced signal terminals 2910 and 2911 , and a dif- 
ference in the conversion efficiency between an electri- 
cal signal and a SAW between the left and right sides 
of the SAW apparatus can be offset. 

50 [0215] The difference in the total capacitance of the 
electrode fingers on the left and right sides is particularly 
noticeable in the portions between two adjacent IDTs. 
Thus, by adjusting the duty ratio of these portions, the 
difference In the total capacitance becomes smaller. To 

55 further enhance this effect, as shown in Fig. 58, the duty 
ratio of a few electrode fingers 2919 and 2920 posi- 
tioned adjacent to the portions between two IDTs may 
be adjusted. 
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[02161 As a modification of the seventh embodiment, 
as shown in Fig. 59, the duty ratio of an electrode finger 
3001 of an IDT 2904a adjacent to an IDT 2905b and the 
duty ratio of an electrode finger 3002 of an IDT 2906a 
adjacent to the IDT 2905b are set to be smaller than that 
of the other electrode fingers. Then, the amplitude bal- 
ance level and the phase balance level between bal- 
anced signal temiinals 2910 and 2911 with respect to 
the frequency are shown in Figs. 60 and 61 , respective- 
ly. In this case, the duty ratio of the electrode fingers 
3001 and 3002 is set to be 0,40. 
[0217] For comparison, the amplitude balance level 
and the phase balance level between the balanced sig- 
nal terminals In the second comparative example shown 
in Fig. 32 are also shown in Figs. 60 and 61 , respective- 
ly. No substantial difference can be observed in the de- 
viation of the phase balance level in this range between 
the second comparative example and this modification. 
However, the amplitude balance level of the second 
comparative example ranges from -0.5 dB to +2.3 dB 
(having a deviation of 2.8 dB), while the amplitude bal- 
ance level of the modification of the seventh embodi- 
ment ranges from -0.5 dB to +2.0 dB (having a deviation 
of 2.5 dB). Thus, the amplitude balance level is im- 
proved by about 0.3 dB. 

[021 81 As discussed above, by adjusting the duty ratio 
of electrode fingers of the IDTs connected to an unbal- 
anced signal terminal, such as the configuration shown 
in Fig. 59, the advantages of the present invention can 
also be obtained. In addition to the electrode fingers 
3001 and3002.theduty ratio of the IDT2905b may also 
be adjusted, in which case, the advantages of the 
present invention can be achieved. 
[0219] According to the foregoing description, in the 
seventh embodiment, the balanced signal terminals are 
connected to the comb-like electrodes of an IDT of a 
single longitudinal-coupling-resonator-type SAW filter. 
Accordingly, this configuration does not have an electri- 
cal neutral point. Then, duty ratio weighting is applied 
to part of the IDT in particular, to the portions between 
two adjacent IDTs. It is thus possible to obtain a SAW 
apparatus having improved amplitude balance levels 
between balanced signal terminals over known SAW 
apparatuses. Eighth Embodiment 
[0220] An eighth embodiment of the present invention 
is described below with reference to Figs. 62 through 
64. In the configuration of the eighth embodiment shown 
in Fig. 62, not only the duty ratio of the outemiost elec- 
trode fingers of an IDT 2905c adjacent to IDTs 2904 and 
2906, but also the duty ratio of all the electrode fingers 
of the IDT 2905c connected to a balanced signal termi- 
nal 291 0 is set to be a value smaller than the other elec- 
trode fingers, for example, to 0.40. The configuration of 
the eighth embodiment is the same as that of the sev- 
enth embodiment, except for this feature. 
[0221] The operations and advantages of the eighth 
embodiment are as follows. The amplitude balance level 
and the phase balance level between balanced signal 



terminals 2910 and 2911 with respect to the frequency 
obtained by the eighth embodiment are shown In Figs. 
63 and 64, respectively. For comparison, the amplitude 
balance level and the phase balance level between the 
5 balanced signal temiinals in the second comparative ex- 
ample shown in Fig. 32 are also shown in Figs. 63 and 
64, respectively. The phase balance level in the frequen- 
cy range of the pass band for PCS receiving filters in the 
eighth embodiment is slightly reduced than the second 
10 comparative example. However the amplitude balance 
level of the eighth embodiment is improved overthe sec- 
ond comparative example by about 0.5 dB. 
[0222] Additionally, in the second comparative exam- 
ple, the amplitude balance level is deviated toward the 
15 positive side. In the eighth embodiment, however, the 
difference in the deviation in the phase balance level be- 
tween the positive side and the negative side is smaller. 
With a smaller difference in the deviation between the 
positive side and the negative side, as in the eighth em- 
20 bodiment. the noise level of an in-phase signal is advan- 
tageously smaller. Thus, the eight embodiment exhibits 
excellent characteristics over the second comparative 
example in this respect. 

[0223] According to the foregoing description, in the 
25 eighth embodiment, balanced signal temninals 291 0 and 
2911 are connected to the comb-like electrodes of the 
IDT 2905c of a single longitudinal-coupling-resonator- 
type SAW filter. Accordingly, this configuration does not 
have an electrical neutral point. Then, duty ratio weight- 
30 ing is applied to all the electrode fingers connected to 
one of the balanced signal temninals. It is thus possible 
to obtain a SAW apparatus having improved amplitude 
balance levels between balanced signal temiinals over 
known SAW apparatuses. 
35 [0224] When the duty ratio of all the electrode fingers 
of the IDT 2905c connected to the balanced signal ter- 
minal 2910 is adjusted, as shown in Fig. 62, the ampli- 
tude balance level is further improved, but the phase 
balance level is reduced. However, by adjusting the duty 
40 ratio of the required number of electrode fingers, as 
shown in Figs. 55 and 58, or by changing the duty ratio 
among the electrode fingers, the amplitude balance lev- 
el can be improved without reducing the phase balance 
level. 

45 

Ninth Embodiment 



[0225] A ninth embodiment of the present invention is 
described below with reference to Fig. 65. The configu- 

50 ration of the ninth embodiment is basically similar to that 
of the seventh embodiment. In the ninth embodiment, 
however, the duty ratio of an electrode finger 3003 of an 
IDT 2905d adjacent to an I DT 2904 is set to be smaller, 
and the outemiost signal electrode finger of an IDT 

55 2906b adjacent to the IDT 2905d is withdrawal- weight- 
ed, and a grounded dummy electrode 3004 is then dis- 
posed in the weighted portion. 
[0226] The operations and advantages of the ninth 
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embodiment are as follows. As discussed above, by ap- 
plying two or more types ot weighting methods to a sin- 
gle longitudinal-coupling-resonator-type SAW filter, the 
flexibility in adjusting the balance levels between bal- 
anced signal tenminals is increased. Thus, a SAW ap- 
paratus having a desired balance level can be obtained. 
[0227] In the foregoing embodiments, a 40±5*' Y-cut 
X-propagating UTaO^ substrate is used as the piezoe- 
lectric substrate. However, as Is seen from the principle 
of the present invention, another type of substrate, such 
as a 64-72° Y-cut X-propagating LiNbOa substrate or a 
41" Y-cut X-propagating LiNbOg substrate, may be 
used, in which case, advantages similar to those ob- 
tained by the above-described embodiments can be 
achieved. 

[0228] In a SAW apparatus formed of two SAW filters, 
each having three or more IDTs, it Is preferable that 
weighting be applied to the electrode fingers of the SAW 
filters so as to strengthen the excitation of a SAW. With 
this arrangement, the amplitude balance level within the 
pass band can be improved without decreasing the pass 
bandwidth. 

[0229] Weighting may be applied, for example, as fol- 
lows, so as to strengthen the excitation of a SAW. With- 
drawal weighting, apodization weighting (including the 
f omnation of a dummy electrode) , or more preferably, se- 
ries weighting, is applied to the outemnost electrode fin- 
gers (more preferably, to signal electrode fingers) of a 
central IDT of one SAW filter without applying weighting 
to the other SAW filter. 

[0230] Various types of weighting have been dis- 
cussed in the foregoing embodiments, and each type of 
weighting offers individual operations and advantages. 
Thus, the advantages of the present Invention can be 
achieved by any combination of two or more weighting 
types. 

[0231] A description is now given, with reference to 
Fig. 66, of a communications unit using the SAW filter 
apparatus of one of the first through ninth embodiments 
of the present invention. 

[0232] In a communications unit 3100, as shown in 
Fig. 66, on which the SAW apparatus of one of the fore- 
going embodiments is mounted, a receiver (Rx) in- 
cludes an antenna 3101, an antenna duplexer/RF top 
filter 3102, an amplifier 3103, an Rx interstage filter 
3104, a mixer 31 05, a first IF filter 3106, a mixer 3107, 
a second IF filter 3108, a first-and-second-signal local 
synthesizer 3111, a temperature compensated crystal 
oscillator (TCXO) 3112, a divider 31 13. and a local filter 
3114. As indicated by two lines between the Rx inter- 
stage filter 3104 and the mixer 3105 shown in Fig. 66, 
two balanced signals are preferably transmitted from the 
Rx interstage filter 3104 to the mixer 3105 in order to 
maintain the balance levels. 

[0233] In the communications unit 31 00, a transmitter 
(Tx) includes the antenna 31 01 , the antenna duplexer/ 
RF top filter 3102, a Tx IF filter 3121, a mixer 3122, a 
Tx interstage filter 3123, an amplifier 3124, a coupler 



3125, an isolator 3126, and an automatic power control 
(ARC) device 3127. The antenna 31 01 and the antenna 
duplexer/RF top filter 3102 are shared by the receiver 
(Rx) and the transmitter (Tx). 
5 [0234] The SAW fitter apparatus of any one of the first 
through ninth embodiments is suitably used as the Rx 
interstage filter 31 04. 

[0235] The communications unit 31 00 uses the small- 
er SAW apparatus exhibiting excellent transmission 
10 characteristics. Accordingly, the size of the communica- 
tions unit 3100 can also be reduced, particularly in a 
GHz band or higher, while exhibiting a high level of 
transmission characteristics. 

[0236] Although the present invention has been de- 
15 scribed in terms of specific preferred embodiments 
thereof, It is to be understood that various modifications 
may be made therein within the scope of the appended 
claims. 



urface acoustic wave apparatus comprising: 

at least one surface acoustic wave filter includ- 
ing at least two interdigital transducers (1-3) 
formed on a piezoelectric substrate (8) in a di- 
rection in which a surface acoustic wave prop- 
agates; and 

30 an input signal terminal (5/6,7) and an output 

signal temriinal (6,7/5) for said at least one sur- 
face acoustic wave filter, 

wherein at least one (6/7) of said input signal 
35 terminal and said output signal terminal is connect- 
ed to a balanced signal terminal, and weighting is 
applied to at least part (22,32) of electrode fingers 
of said at least one surface acoustic wave filter. 

40 2. A surface acoustic wave apparatus according to 
claim 1 , wherein the weighting is applied to said at 
least part (22,32) of the electrode fingers so as to 
improve at least one of an amplitude balance level 
and a phase balance level between a pair of the bal- 

45 anced signal temninals. 

3. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein the weighting is applied to a 
few of the electrode fingers counted from an outer- 

50 most electrode finger of at least one of the interdig- 
ital transducers located adjacent to another inter- 
digital transducer. 

4. A surface acoustic wave apparatus according to 
55 claim 1 or 2, wherein the weighting is applied to a 

few of the electrode fingers in the vicinity of an out- 
ermost electrode finger of at least one of the inter- 
digital transducers located adjacent to another in- 
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terdigital transducer 

5. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein the weighting is applied to the 
electrode fingers located within 1/2 length of one In- 
terdigltal transducer in the propagating direction of 
the surface acoustic wave from an outermost elec- 
trode finger of at least one of the interdigital trans- 
ducers located adjacent to another interdigital 
transducer. 

6. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein the weighting is applied to an 
outermost electrode finger of at least one of the in- 
terdigital transducers adjacent to another interdig- 
ital transducer. 

7. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein the electrode fingers located 
in a portion between the adjacent interdigital trans- 
ducers are a ground electrode finger and a signal 
electrode finger, and the weighting is applied to at 
le£ist one of the ground electrode finger and the sig- 
nal electrode finger. 

8. A surface acoustic wave apparatus according to 
any previous claim, wherein the weighting is applied 
to a signal electrode finger of said surface acoustic 
wave filter 

9. A surface acoustic wave apparatus according to 
any previous claim, wherein the weighting is applied 
to at least part (22.32) of the electrode fingers of the 
Interdigital transducer connected to the balanced 
signal terminal (6,7) of said surface acoustic wave 
filter 

10. A surface acoustic wav<? apr^i^atus according to 
any previous claim 1 , w jreir ^ phase of at least 
one of the interdigital transduc ^jts is inverted with 
respect to the phase of the other interdigital trans- 
ducer(s), andthe weighting is applied to at least part 
of the electrode fingers of the phase-inverted inter- 
digital transducer 

11. A surface acoustic wave apparatus according to 
any previous clainn, wherein the weighting is with- 
drawal weighting. 

12. A surface acoustic wave apparatus according to 
claim 11 , wherein a dummy electrode (31 a) is pro- 
vided for a bus bar (33) which faces a bus bar (34) 
connected to the withdrawal-weighted electrode fin- 
ger 

13. A surface acoustic wave apparatus according to 
claim 1 or 2. wherein the weighting is applied to at 
least two continuous ground electrode fingers in- 



cluding an outermost electrode finger of at least one 
of the interdigital transducer connected to said input 
signal terminal (5/6.7) and the interdigital transduc- 
er connected to said output signal (6,7/5) temninal, 
5 the ground electrode fingers being located such that 
it faces the other interdigital transducer 

14. A surface acoustic wave apparatus according to 
claim 1 2, wherein a ground connecting portion is ar- 

10 ranged for connecting the electrode fingers of the 
adjacent interdigital transducers which are connect- 
ed to ground via a dummy electrode. 

15. A surface acoustic wave apparatus according to 
15 any previous claim, wherein the weighting is apodi- 

zation weighting in which an interdigital length of at 
least part (22a) of the electrode fingers is differen- 
tiated from an interdigital length of the other elec- 
trode fingers, 

20 

16. A surface acoustic wave apparatus according to 
any previous claim, wherein the weighting is applied 
to part (22a) of the electrode fingers such that they 
are set to be shorter than the other electrode fin- 

25 gers. 

17. A surface acoustic wave apparatus according to 
claim 15, wherein the apodtzation weighting is ap- 
plied substantially at the center of the interdigital 

30 length. 

18. A surface acoustic wave apparatus according to 
claim 15. wherein the apodization weighting is fur- 
ther applied to the electrode finger (21b) adjacent 

35 to the apodization-weighted electrode finger (22a). 
and a bending dummy electrode (25a) is disposed 
such that it faces each of the two apodization- 
weighted electrode fingers. 

40 19. A surface acoustic wave apparatus according to 
claim 15, wherein the apodization-weighted elec- 
trode finger (22a) is an outemnost electrode finger 
of one of the adjacent interdigital transducers (2), 
and a dumnny electrode is provided for the other in- 
45 terdigital transducer such that the dummy electrode 
faces the apodization-weighted electrode finger 
(Fig.52). 

20. A surface acoustic wave apparatus according to 
so claim 1 9, wherein the dummy electrode is ground- 
ed. 

21. A surface acoustic wave apparatus according to 
any previous claim, wherein the weighting is duty 

55 ratio weighting in which a duty ratio of at least part 
of the electrode fingers is differentiated from a duty 
ratio of the other electrode fingers. 
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22. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein said surface acoustic wave 
filter includes at least three interdigital transducers 
(1 -3) , and withdrawal-weighting is applied to at least 
one (3) of the adjacent interdigital transducers, and s 
the weighting applied to the interdigital transducer 
(2) on one side of said surface acoustic wave filter 
is different from the weighting applied to the inter- 
digital transducer (3) on the other side of said sur- 
face acoustic wave filter. 



other than an outermost electrode finger of at least 
one of the adjacent interdigital transducers of one 
of the surface acoustic wave filters, and withdrawal- 
weighting Is applied to an outennost electrode fin- 
ger of at least one of the adjacent interdigital trans- 
ducers of the other surface acoustic wave filter, a 
dummy electrode connected to a bus bar which fac- 
es a bus bar connected to the withdrawal-weighted 
electrode finger being disposed in the withdrawal- 
weighted portion. 



23. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein two (1104,1106) of said sur- 
face acoustic wave filters are provided, and with- 
drawahweighting is applied to each of said surface 
acoustic wave filters, and the weighting applied to 
one (11 04) of the surface acoustic wave filters is dif- 
ferent from the weighting applied to the other sur- 
face acoustic wave filter (1105). 

24. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein said surface acoustic wave 
filter comprises at least three adjacent interdigital 
transducers (1 -3), in which apodization-weighting is 
applied to a few of the electrode fingers other than 
an outermost electrode finger of at least one of the 
adjacent interdigital transducers (2) on one side of 
said surface acoustic wave filter, and withdrawal- 
weighting is applied to an outermost electrode fin- 
ger of at least one of the adjacent Interdigital trans- 
ducers (3) on the other side of said surface acoustic 
wave filter, a dummy electrode (31 a) connected to 
a bus bar (33) which faces a bus bar (34) connected 
to the withdrawal-weighted electrode finger being 
disposed in the withdrawal-weighted portion. 

25. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein said surface acoustic wave 
filter comprises at least three of the adjacent inter- 
digital transducers (1 -3), in which duty-ratio-weight- 
ing Is applied to an outermost electrode finger of at 
least one of the adjacent interdigital transducers (2) 
on one side of said surface acoustic wave filter so 
that a duty ratio of the outermost electrode finger is 
differentiated from a duty ratio of the other electrode 
fingers, and withdrawal-weighting is applied to an 
outermost electrode finger of at least one of the ad- 
jacent interdigital transducers (3) on the other side 
of said surface acoustic wave fitter, a dummy elec- 
trode (31 a) connected to a bus bar (33) which faces 
a bus bar (34) connected to the withdrawal-weight- 
ed electrode finger being disposed in the withdraw- 
al-weighted portion. 

26. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein two of said surface acoustic 
wave filters are provided, in which apodization- 
weighting is applied to a few of the electrode fingers 



27. A surface acoustic wave apparatus according to 
any one of claims 1 to 26, wherein said at least one 
surface acoustic wave filter is provided such that it 

15 possesses a balanced-signal-input and balanced- 
signal-output filtering function. 

28. A surface acoustic wave apparatus according to 
any one of claims 1 to 26, wherein said at least one 

20 surface acoustic wave filter is provided such that it 
possesses a balanced-signal-input and unbal- 
anced-signal-output filtering function or an unbat- 
anced-signal-input and balanced-signal-output fil- 
tering function. 

25 

29. A surface acoustic wave apparatus according to 
claim 27, 

wherein at least one of the interdigital transducers 
is divided into two portions in the direction of an In- 
30 terdigital length of the interdigital transducer. 

30. A surface acoustic wave apparatus according to 
claim 27 or 29. wherein a pair of the balanced signal 
terminals are respectively connected to comb- like 

35 electrodes of one of the interdigital transducers. 

31. A surface acoustic wave apparatus according to 
claim 27, wherein at least one of the interdigital 
transducers is divided into two portions in the direc- 

40 tion in which the surface acoustic wave propagates. 

32. A surface acoustic wave apparatus according to 
claim 27, wherein a grounded electrical neutral 
point is not provided between a pair of the balanced 

45 signal terminals. 

33. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein two of said surface acoustic 
wave filters are provided such that they possess a 

50 balanced-signal-input and balanced-signal output 
filtering function. 

34. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein two (1104,1105) of said sur- 

55 face acoustic wave fitters are provided such that an 
output signal of one of the surface acoustic wave 
filters is about 180'' out of phase with an output sig- 
nal of the other surface acoustic wave filter, and the 
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surface acoustic wave filters are provided such that 
they possess a balanced-signal-input and unbal- 
anced-signal-output filtering function or an unbal- 
anced-signal-input and balanced-signal-output fil- 
tering function. 

35. A surface acoustic wave apparatus according to 
claim 34, further comprising a surface acoustic 
wave filter (1201) being cascade-connected to an 
unbalanced signal terminal. 

36. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein said at least one surface 
acoustic wave filter is a longitudinal-coupling-reso- 
nator-type surface acoustic wave filter. 

37. A surface acoustic wave apparatus according to 
claim 36, wherein said longitudinal-coupllng-reso- 
nator-type surface acoustic wave filter comprises 
an odd number of the interdigital transducers (1-3). 

38. A surface acoustic wave apparatus according to 
claim 37, wherein said longitudinal-coupling-reso- 
nator-type surface acoustic wave filter comprises 
three interdigital transducers (1-3). 

39. A surface acoustic wave apparatus according to 
claim 36, wherein the total number of electrode fin- 
gers of at least one of the interdigital transducers of 
said longitudinal-coupling-resonator-type surface 
acoustic wave filter is an even number. 

40. A surface acoustic wave apparatus according to 
claim 39, wherein at least three of the interdigital 
transducers (1-3) are provided, and the total 
number of the electrode fingers of at least the inter- 
digital transducer connected to a balanced signal 
temninal (6/7) is an even number. 

41. A surface acoustic wave apparatus according to 
claim 39, wherein at least three of the interdigital 
transducers (1-3) are provided, and the total 
number of the electrode fingers of at least the inter- 
digital transducer (1 ) located at the center of at least 
three of the interdigital transducers is an even 
number. 

42. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein at least one surface acoustic 
wave resonator is connected in series to or in par- 
allel with said at least one surface acoustic wave 
filter. 

43. A surface acoustic wave apparatus according to 
claim 1 or 2, wherein said at least one surface 
acoustic wave filter is formed by cascade-connect- 
ing at least two su rface acoustic wave filter portions. 
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44. A surface acoustic wave apparatus comprising: 

an input interdigital transducer (1/2,3) including 
a plurality of electrode fingers; and 
an output interdigital transducer (2/3) including 
a plurality of electrode fingers, said input inter- 
digital transducer and said output interdigital 
transducer being disposed on a piezoelectric 
substrate (8) in a direction in which a surface 
acoustic wave propagates so as to form a lon- 
gitudinal-coupling-resonator-type, 

wherein weighting is applied to an inner elec- 
trode finger other than an outemnost electrode fin- 
ger of at least one (1/2/3) of said input interdigital 
transducer and said output interdigital transducer. 



45. A surface acoustic wave apparatus according to 
claim 44, wherein one of said input interdigital trans- 

20 ducer and said output interdigital transducer is con- 
nected to a balanced side, and the input interdigital 
transducer or the output interdigital transducer con- 
nected to the balanced side Includes the weighted 
electrode finger. 

25 

46. A surface acoustic wave apparatus according to 
claim 44, wherein the weighted electrode finger is 
located within one half a total width of all the elec- 
trode fingers of the corresponding interdigital trans- 

30 ducer from the outermost electrode finger of the in- 
terdigital transducer. 

47. A surface acoustic wave apparatus according to 
claim 44, wherein at least two ground electrode fin- 

35 gers including the outemnost electrode finger of at 
least one of the input interdigital transducer and the 
output interdigital transducer are sequentially pro- 
vided, the outemnost electrode finger being located 
such that it faces the other interdigital transducer. 

40 

48. A surface acoustic wave apparatus according to 
claim 44, wherein the weighted electrode finger is 
set such that it controls an area of a no-electric-field 
portion fomried between adjacent ground electrode 

45 fingers of at least one of the input interdigital trans- 
ducer and the output interdigital transducer. 

49. A surface acoustic wave apparatus according to 
claim 48, wherein one of the input interdigital trans- 

50 ducer and the output interdigital transducer is con- 
nected to a balanced side, and an area of the no- 
electric-field portion of one of the two balanced in- 
terdigital transducers is substantially equal to an ar- 
ea of the non-electric-field portion of the other bal- 

55 anced interdigital transducer. 

50. A surface acoustic wave apparatus according to 
claim 44, wherein the weighted electrode finger is 



24 



BNSDOCID: <EP 1249934A2_L> 



47 EP 1 249 934 A2 

set to be shorter than the other electrode fingers. 



48 



51. A surface acoustic wave apparatus according to 
claim 44, wherein a first grounded balance elec- 
trode finger is f omned to extend toward the weighted s 
electrode finger such that a length of the first 
grounded balance electrode finger becomes equal 

to a length of the weighted electrode finger. 

52. A surface acoustic wave apparatus according to io 
claim 44, wherein a second grounded balance elec- 
trode finger (21b) is fomned to extend in a direction 
different from the direction of the weighted elec- 
trode finger (22a) such that a length of the second 
grounded balance electrode finger becomes equal ^5 
to a length of the weighted electrode finger, and a 
bending dummy electrode (25a) is provided such 
that it faces the second grounded balance electrode 
finger and the weighted electrode finger. 

20 

53. A surface acoustic wave apparatus according to 
claim 44, wherein said surface acoustic wave ap- 
paratus is provided with an unbaianced-to-bal- 
anced conversion function. 

25 

54. A communications unit using the surface acoustic 
wave apparatus set forth in any previous claim. 

30 
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